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XMMMYeCCKHH aHaIn3 HalaBsIeHHOrO MeTasia 
NR-207 MeToqOomM 
ONTHKO-3MHMCCHOHHOUM CIECKTPOMETPHH MO3BOJIACT 


MOpOWKOBOH IIpOBOJIOKU 


OIpCICIHTb BJIMAHHC COCTaBa MOpOmwKOBOK 


TIpoBosOKH NR-207 Ha BblyzeseHHve UM XUMU4eECKHHN 
COCTaB XUMUYeCKHH 


CBapOYWHOTO  adpO3OILA. 


COCTaAB HallWlaBsICHHOLO MCTaJiJIla ABJIACTCA 


KOMIIJICKCHBIM MOKa3aTeJIeM XHMU4YECKOTO 
cocTaBa MeTauIa oOOON04UKH HU HanouHUTeA 
IpopowoKHw. B padoye 30He cBaplMKa mpu 
BbINOJIHCHHH CBAapOUHbIX padoT MpoBomOKOM NR- 
207 BbIeIAIOTCA BpeHbIe BelljecTBa = — 
(bTopa, 


HUKelIA, a TaKxKe PTOPCoep2xKalMe ra3bl. 


COeIMHeHHA MapraHiia, aJIEOMMHMA, 


KosnouesBbie ca0oBa. IlopommkoBpad mpoBouoKa, 


CBapOUHbIN = adpO30JIb, XMMM4CCKHM  COCTAB, 
HallaBka, XAMM4eCKHH aHasin3. 

BBejzenne. IIpu CTPOUTEJIBCTBE 
MaruCcTpasIbHbIx TPYOOMpOBOOB CBapKy 
KOJIbI[CBBIX CTBIKOB Tpyo, COrlacHo 
HOPMaTHBHbIM JIOKYMeHTaM, BBIMOJIHAFOT 
CaMO3allluTHOU MOpOmwKOBOK IIPOBOJIOKON 


Innershield NR-207 kommanuu Lincoln Electric. 
CamMo3alluTHad MOpomkKoBad mpoBosoKa NR- 

207 — cBapouHbIn MaTepHall, IpeCTaBJIAIOWIM 

codon oOoIOUKY, 


CTaJIBHYtO 3allOJIHCHH YtO 


MOpOmmKOOOpa3HbIM HanllOJIHMTeJIeM. 


HanouHUTesIb MOPOMIKOBOM IIpOBOJIOKH COCTOUT 


sS-journal.ru/ 
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Chemical analysis of flux-cored wire NR-207 
deposited metal by a method of optical 
emission spectrometry makes it possible to 
determine the influence of the composition of 
flux-cored wire NR-207 on the emission and 
chemical composition of the welding aerosol. 
Chemical composition of deposited metal is a 
complex index of chemical composition of 
metal cover and wire core. Such dangerous 
substances as compounds of manganese, 
fluorine, aluminum, nickel, and fluorinated 
gases are released during welding with wire 


NR-207 into the working space of a welder. 


Keywords: Flux cored wire, welding aerosol, 


chemical composition, welding deposit, 
chemical analysis 
Introduction. According to normative 


documents self-shielded flux-cored wire NR- 
207 from Lincoln Electric company is used in 
welding of ring pipe joints during the 
construction of main pipelines. 

Self-shielded flux-cored wire NR-207 is a 
welding material of a steel cover filled with 
powder filler. The core of the flux-cored wire 


comprises the following elements: gas-forming 
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M3 CJICJLYFOWIMX 3JICMCHTOB: Tra3000pa3yrOllInx 
QJIEMCHTOB, HallpaBsICHHbIX Ha 3allIMTy %KUKOTO 
MeTasIa JICEKTPOJHbIX Kallesib WM CBapouHon 
BaHHbI OT BO3JCHCTBHA BO3ZYUIHOM cpeybl 
(IleJIKOI03a, MpaMop HM KapOoHaTbI KalibllMua, 
MarHHs); 


HaTpuA, wiakooOpa3ylolu4x  — 


oOpa3yrOT 
IUaKOBY!O KOPKY JIA 3alllMTbl CBAPOUHOM BaHHbI 
pyTu, HM Jp.); 
9JICMCHTHI PAaCKHCIIMTeIIM, CBA3bIBAIOT HM BbIBOJAT 


COCTIMVHCHHUA Ha OCHOBC OKCHJIOB, 


((bKOOpHT, aJIKOMOCHJINKaTBI 
KUCIOPOA 43 CBapO4UHOM BaHHbI ((eppoMapraHel, 


(beppoTutaH); 
oOecreunBaroliMme 


MeTalWuIM4ecKWe COCTAaBJIAIOIMNHEe, 
MOBBbILMeCHHA 
IIPOM3BOJMTeCIbHOCTH HallaBKH, BBOJATCA B Bue 
MeTAJIIM4eCKOrO NOpolikKa UW JIpyrux coeqHHeHui 
*Kee3a. 
Cpapka  KOJIbIICBBIX CTBIKOB [fa30- HU 
He@TelpoBoyOB TpeOyeT coOssIOAeHUA OCOObIX 
Mep, CBA3aHHbIX C CO3HaHHCM 3aMKHYTbIX 
IIPOCTpaHCcTB Oe3 WOCTyMa BO3eEMCTBUA BHeIMIHHX 
(baKTOPOB OKpyxKalolleH cpeybI (Ipexze BCero 
kucnopoya). B  pe3yibTare cBapluiMkK mrp 
BbINOJIHCHHH + CBAapOUHbIX padoOT HaxONMTCA B 
3aKpbITBIX MpOCTpaHcTBaxX UH  3aMKHYTBIX 
OrpaHH4eHHbIxX OOBeMaXx (repMeTHYHbIe KaOMHbI 
Ha MarucTpaIbHbIx TNyOONpOBOaXx), B YCJIOBUAX, 
rye HeBO3MO%KHO TpPHMeHeHve TpaMIMOHHbIX 
BHOB BeHTHWIAUMH. B Takux  ycCJIOBHAX 
IIPOMCXOJUT ObICTpoe HapacTaHve cojlepxKaHuA 
BPCIHBIX BeIICCTB, KOTOPOe TakxKe ycyryOsAercAa 
TIOBbILICHHbIM TeINJIOBbIM OOJIYYCHHeEM UH POCTOM 
TeMIepaTypbl cpebl. Bbicokadt Temileparypa 
CBapouHOH Jyrnw cnocoOcTByeT MHTCHCHBHOMY 


OKHCJICHHIO WM UCHapeHu1O MetTasiia, dsroca, 


JIerMpy!roulux 
KHCIIOPpOOM BO3yxa, 


OKMUCJIAACh 


oOpa3yloOT 
MCJIKOJMCHepcHy!0 IIblIb, 2 BO3HHKarollMe pu 


9JIEMCHTOB. 
9TH Tapbl 


CBapKe KOHBeCKTHBHbIe MOTOKH YHOCAT Ta3bl U 
IIbIIb BBepX, IPHBOAA K OOMbINON 3allbUIeHHOCTU 


u 3ara30BaHHOCTUu IIPOH3BOJICTBCHHbIX 
MOMeIIeCHHNH. 
CpBapouHat bulb — MeJIKOJMCIIepcHas, 


CKOPpOCTb BUTaHHA ee YacTul He Oosee 0,08 m/c, 


OCC TaeT OHa HC3HaAduUTCJIBHO, IIOSTOMY 


paciipeyezeHue ee TO BbICOTe TOMeIIeCHHA B 
OOJIbINMHCTBe 


ciy4aeB paBHOMepHO, 4TO 


lal s-journal.ru/ 


elements for protection of liquid metal of 
electrode drops and the welding pool from air 
exposure (cellulose, marble and carbonates of 
calcium, sodium, magnesium); slag-forming 
elements - compounds based on the oxides form 
a slag coverage to protect the welding pool 
(fluorite, rutile, alumosilicates, etc.); deoxidant 
elements, they fix and remove oxygen from the 
welding pool (ferromanganese, ferrotitanium); 
metal components that provide deposition rates 
increase, they are introduced in the form of 
metal powder and other iron compounds. 

The welding of ring joints of gas and oil 
pipelines requires compliance with special 
measures to create a closed space without 
exposure to external environmental factors 
(especially oxygen). As a result, the welder 
welds in confined and enclosed space (airproof 
cabins on the main pipelines), in circumstances 
where it is impossible to use traditional forms 
of ventilation. In such conditions there is a 
rapid increase in the content of harmful 
substances, which is also worsened by high heat 
radiation and increasing temperature of the 
environment. High temperature of a welding arc 
promotes the oxidation and evaporation of 
metal, flux, alloying elements. Oxidized in the 
air, this vapor forms a fine dust, and arising 
during welding convection currents lift the 
gases and dust, resulting in a large dust content 
and gas contamination in production areas. 

Welding dust is fine, with the speed of its 
particles of not more than 0.08 m/s, it settles 
slightly, so the distribution to the height of the 
room in most cases is even, making it extremely 
difficult to control. The percentage of analyses 
of working zone air samples with MPC 
exceeding on fumes and gases reaches 17.8 per 


_—— ee 


a 














. f DTADQOTOUEL 7 
0 / / UO JA 0 / 


of Technogenic and Natural Systems 


7 a ff ~* PNTFEABANMA 





ype3sBbI4anHo 3aTpyHAeT OopBoy c Hel. IIporext 
MccHeqOBaHHH WpoO BO3ayxXa padoueH 30HbI C 
peppiumenvem ITJIK Ha lapbl Wu ra3bl WOcTuraeT 
17,8%, Ha IIbuIb HW aspo30mMH — 22,9%. IIpomext 
YHcculeqOBaHHi Cc MpeBbuiteHvem IITJIK Bemrects | u 
2-M Tpylibl OMacHOCTH HaMHOrTo BbIMe WapoB U 
ra30B (69,7% — HbUIb 4 aapo30M — 23,8%). 
CBapO4HBIN adPO30JIb COCTOHT U3 OKUCJIOB 
*Kee3a, MapraHila, XpOMa, JBYOKUCH KpeMHHA 
JIPYIUX TOKCHYHBIX BeIIeCCTB, BXOJAIIMX B COCTaB 
CBapOUHbIX W3eIMH WU CBapOUHbIX MaTepHalioB. 
CBapO4HBIN a9PO30JIb BCTpeyaeTcaA B TBEPJON U 
ra3s0Bou (base. TBepaaa COCTAaBIJIAIOINNAA 
CBapO4HOrO adpO30JIA Yale BCero OOpa3yeTcA B 
pe3yIbTaTe UCHapeHHA paciaBJIGHHOrO MeTaa, 
Tlapbl BbIACIAIOTCA B HWKHEM YacTu cTou0a yru 
M  BBIHOCATCA  Ya30BbIMM MOTOKaMH~ B 
OKpyxKarolly}o aTMOciWepy, Tye OKHCIIAKOTCA U 
KOHJeCHCUpyrOTCA B TBeEpsbIe 4acTHUbI. [a3s0Ban 
COCTAaBJIAIOMIaA CBAPOYHOTO adpO30JI4 — CMeCb 
Ta30B ~=s-: BXOJIAINIMX—s«i&B’ 


COCTaB  CBapO4HBIX 


MaTepHaloB, OOpa3yrollaica pH TepMuyueckor 


AUCCOUManMu ra30llwiakoooOpa3yroOllux 
KOMITOHCHTOB. 
MuHTeHCHBHOCTh BbIWCJICHHA CBapOdHOro 


a3poO30J14 B ra30BOH HU TBepAON cdba3se MpOUCXOTMT 
3a CUeT JMCCOlMalluu XMMH4eECKUX KOMMOHEHTOB, 
BLICOKOU 


BCTYIaFOUINX B PpCakIHtoO IIpu 


Temnepatype. IIpu pacceuBaHun oOpa3yroTca 
MeJIKHe 4aCTHIbl TOKCHYHOM MeJIKOTMCMepCcHou 
IIbIIM UW 3ara30BaHHOCTb MpOcTpaHcTBa. 
CucTemMaTuyeckoe BO3eHCTBHe CBapodHOro 
a9po304, Upw OTCyTCTBHH HeOOXOJIMMbIX 
CpeACTB 3allIMTbI OXPpaHbI Tpya, MOXKEeT BbI3BATb 
y padoTarollux mpodeccuoHasIbuble 3a00/eBaHuA 
eTKHX, a TaK2#Ke WCHTPasIbHOM HEPBHOM CHCTeMBI. 
IlocraHoBkKa 


3aa4n. Jia W3y4eHHA 


WOCJICHOBATCJIBHOLTO BbITCJICHUA CBapOdHOro 


a3PO30J1A HEOOXOTHMO 3HaTb XMMM4ECKHH COCTAaB 


OCHOBHOTO YU CBapOdHOro MatepWalla. 


XUMMYeCCKHH COCTAaB CaMO3allIMTHOU 


HOpowkOBoH mpoBoroKu Innershield NR-207 


ABIIACTCA KOMMep4ecKOM TavHOH KOMNMAaHHu 


Lincoln Electric. J[na jeTanbHoro u3y4eHnA 


XMMUYCCKOTO COCTaABaA HCHOCTATOUHO £S3HaTb 


9JIEMCHTbI OOOJOUKH WIM HanowHuteia. Takum 


a SsS-journal.ru/ 


cent, on dust and aerosols it is up to 22.9%. The 
percentage of analyses with MPC exceeding on 
substances of the Ist and 2nd hazard group is 
much higher than gases and vapors (69.7% - 
dust and 23.8 % - aerosols). 

Welding fumes consist of iron oxides, 
manganese, chromium, silicon dioxide and 
other toxic substances included in_ the 
composition of the welding products and 
welding materials. Welding fumes can be found 
in solid and gas phases. The solid component of 
welding aerosol is mostly formed by 
evaporation of molten metal, the vapor is 
released from the lower part of the arc column 
and follow gas flows into the atmosphere, 
where it is oxidized and condensates in solids 
particles. The gas component of welding 
aerosol is the gas mixture of the welding 
materials, which is formed during thermal 
dissociation of gas-slag-forming components. 

The intensity of welding aerosol emission in 
the gas and solid phase occurs due to the 
dissociation of chemical components which are 
reactive at high temperature. Small particles of 
toxic dust and fumes are formed as a result of 
dispersion. 

Systematic exposure to welding aerosol in 
the absence of necessary protection equipment 
can cause occupational lung disease as well as 


diseases of central nervous system. 


Statement of the problem. To study the 
sequential generation of welding fumes it 1s 
necessary to know chemical composition of the 
base and welding = material. Chemical 
composition of self-shielded flux-cored wire 
Innershield NR-207 is a commercial secret of 
the Lincoln Electric company. For a detailed 
study of chemical composition it 1s not enough 


to know cover elements or core ones. Thus, the 


———— 
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o0pa30M, r1aBHOU 3ajlauen ABJIACTCH 
olipeyjeseHue XMMUYECKOTO cocTaBa 
HalllaBIeHHoro = Metassa. Ilpu BbiaBieHuu 
KOMIIOHCHTOB, HaxXOjJIAIIMXCH B  COCTABE 


OOOJIOUKH, OlIpeyeuaeTCA Mpowecc JerupoBaHua, 
packucjleHua, papuHupoBaHua Metamuia. J[aHHEle 
10 COCTaBYy IIMXTbI He MpeOCTaBJIAFOTCA, TAKUM 
o0pa30M, BbIABJICHHe cocTaBa IIMXTBHI 
OlpeesAeTCA KOCBEHHO. 

Henb uccseqopanna. [lenbro TaHHOn padoTsl 
ABJIACTCA u3y4eHue BJIMAHHA cocTaBa 
TOpOMKOBON WpoBoNOKH NR-207 Ha BbiqemeHue 
WM XMMMY4eECKHH COCTaB CBapouHOrO a9po30I1A 
XMMMYeECKOIO COcTaBa 


IyTeM omnpeyesweHnua 


HallWlaBJIICHHOTO MeCTaJiIa, KaK KOMILICKCHOTO 


moKa3aTesiad XMMMYeECKOTO cOCcTaBa MeTasiia 
OOOOUKH HM HalOuHUTeIA WpoBomoKH. Padota 
BbINOJIHACTCA B paMKax MUCcCiIeqOBaHHA 10 
oOeceyeHHIO Oe30MaCHOCTU paOOTHI CBaplIMKOB 
B CTCCHEHHBIX YCJIOBHAX | 1 |. 

IKcHepMMeHTAJIbHAA YacTb. 
OKCHEPMMeHTAaIbHOe OpeseseHve XMAMUYeECKOrO 
COcTaBa HalllaBJIGHHOrO MeTasJIa MOpOmIKOBON 
mpoBosoKou Innershield NR-2017 BemonHsanM B 
COOTBETCTBHH C TpeOOBaHHAMH HOPMAaTHBHO- 
TexXHHYecKON WOKyMeHTaMen [2, 3, 4]. C sTon 
IesIbIO HallaBKy BaIMKOB OCYIICCTBIAIM B 
HWKHeEM IOJO%KeCHHM ONyaBTOMaTOM Ha 
mlacTHHy 43 cram MapKu Cr3nc no TOCT 380- 
88. Pa3smMepbI IWIacTHHbI coctaBsiaH 150x50 MM u 
TommuHOn 14 mm. IloBpepxHocTb WiacTHHBI, Ha 
KOTOpPyIO 


3a4dHINCHa OT 


IIDOBOJWJIaCb HallWlaBKa, Obluia 


OKasIMHbI WU pkKaBYHHbI Ha 
(ppe3epHOM CTaHkKe. 

IiImpuna HansiaBKu 30 MM, 4TO cocTaBJIAIO 4 
BaJIWKa; KOJIMYeECTBO HallaBIIAeMBbIX CIOeB — 8; 
TOJMIMHAa HalnsaBkKu coctaBuia 16 MM. Kaxopm 
TOCJIeLYFOMMH BaJIMK HallaBJLAJICA B 
HalipaBJICHHU MPOTHBOMOJIOXKHOM IIpebLyWIeMy. 
IIpu HaluiaBKe TOCJIeJLYFOMLero BasluKa 
TeMMepatypa IWIaCTHHbI WIM CIIOA He NpeBbiwalu 
150 °C, c wero HeONyIeHHA MWeperpeBa 
OCHOBHOrO HU 


HallWlaBJICHHOLO MCTaJijIa YU 


BO3HHKHOBCHHA BbICOKOrO YPOBHA OCTATOUHBIX 
nedopmMani. 
IIpOBOJHWIM 


CBapOUHBbIx KOHTpouIb 


TeCMITe@paTypbI KOHTaAKTHbIM 
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main task is to determine the chemical 
composition of the weld metal. During the 
analysis of components in the composition of 
the cover, such processes as _ alloying, 
deoxidation, refining of the metal are used. 
Data on the composition of charging material is 
not available, thus the analysis of the charging 


material composition is done indirectly. 


The purpose of the study. The aim of this 
study the 


composition of flux-cored wire NR-207 on 


work is to influence of the 
emission and chemical composition of welding 
aerosol by analysis of the chemical composition 
of the weld metal, as a complex index of 
chemical composition of metal cover and wire 
core. The work is a part of the research on 
occupational safety of welders in cramped 
conditions [1]. 

Experimental part. Experimental analysis 
of chemical composition of deposited metal 
fluxed cored wire NR-2017 was performed in 
accordance with the requirements of normative- 
technical documentation [2, 3, 4]. To do this, 
bead welding was carried in the lower position 
of the machine on a plate of steel St3ps by 
GOST 380-88. The dimensions of the plate 
were 150x50 mm and thickness was 14 mm. 
The surface of the plate, on which the welding 
was carried out was cleaned from scale and rust 
on the milling machine. 

Welding surface is 30 mm, which is 4 
beads; the number of the deposited layers is 8 
16 mm. Each 


subsequent bead was welded in the direction 


mm; welding thickness is 


opposite to the previous one. At welding a 
subsequent bead the temperature of the plate or 
layer did not exceed 150 °C, to prevent 
overheating of main and weld metal and the 
emergence of a high level of residual welding 
control was 


deformations. Temperature 


performed using a probe thermometer. The 


| ce 














is 


Lent 


TEPMOMETPOM. KayecTBo HalllaBJIAeMbIX BaJIMKOB 
OILCHUBAaJIN BU3YaJIbHbIM KOHTPOJIeM. 
PexKMMBI 


CBapKH, mIpu KOTOPbIX 


MIpOW3BOMIach HalmliaBKa, paCC4HMTHIBaIM 10 
MeToyMKe [5] 4 KOppeKTHpOBaJIN B COOTBETCTBHU 
C TpeOoBaHHaAMM JeHCTBYIOIWMX HOPMaTHBHO- 
TeEXHHYeCKHX JIOKyYMeHTOB [6, 7]. BprrOupanmucs 
oOecne4uuBarollue 


PCoKUMBI, MUHUMasIbHYFO 


ryOuHy wUponmsapienud. Hanwapka BasIMKOB 
cle yOUux 


MaMetTp WwpoBomoKuH 1,7 MM, MOCTOAHHBIM TOK 


OCYINCCTBILASIaACBh Ha Ppeo7KUMax. 


TIIpAMOHW TMOUAPHOCTH, CKOpOcTB moa4dH 
IIPOBOJIOKH 95 TKOMM/MHH., Halips»KeHve Ha Jlyre 
21B, BbuieT smeKTpoqa 10 MM, yron HaksIoHa 
ropemku 30 rpagycos. Pe3yibTaT HanmiaBKu 


lpeyicTaBleH Ha pucyHke |. 


LD ; 45 m0 72 D> |/ 


a a 
Ps cee ee” ns 


— Nod 
2017 | 


quality of the beads was evaluated by visual 
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inspection. 

The welding conditions were calculated by 
the method of [5] and corrected in accordance 
with the requirements of normative-technical 
documents [6, 7]. The modes, providing the 
minimum depth of penetration were selected. 
Bead welding was carried out at the following 
modes: wire diameter is 1.7 mm, DC of straight 
polarity, the wire feed speed is 95 inch/min, arc 
voltage is 21V, electrode extension is 10 mm, 
angle of the burner tilt is 30 degrees. The result 


of the welding is shown in figure 1. 





Puc. |. Hannaska nopomrkoBor mpoBosoKon Innershield NR-207. 


Fig. 1. Flux-cored wire NR-207 welding. 


HansaBky BbUIOUIHAIM C HUCWOJIbSOBAHHCM 


cBapoyuHoro)§=obopynoBaHua § dupmpr-— Lincoln 
Electrik (CIUA): ucTrouHuK tntTanua = — 
YHUBepcasIbHbIM THPHCTOPHbIM  BbIIIPAMUTEJIb 


Idealarc DC 400, MexaHu3M noyzayH NMpoBOOKH 
LN-23P B xkomiseKTe c ayantTepom K-350, 
cBapouHaax ropemka K-345-10. CBapouHoe 
oOopy0BaHHe IIpeCTaBsIeHo Ha puc. 2. 


° S-journal.ru 


The welding was performed using welding 
equipment from Lincoln electric (USA): the 
power supply is a universal thyristor rectifier 
Idealarc DC 400, wire feeder LN-23P together 
with the adapter K-350, welding torch K-345- 
10. The welding equipment is shown in Fig. 2. 





Puc. 2. CBapouHoe obo0pyzoBaHne Lincoln Electrik, ucnonb3yeMoe JIA HallaBKu 
mpoBosoKou Innershield NR-207. 


Fig. 2. Welding equipment form Lincoln electric, used for wire NR-207 welding. 


Jia =XMMM4eCKOrO) = aHasIv3a_ =TIOBepXHOCTb 
oOpadotaHa 
(ppe3epoBaHuvem Cc OOecre4eHHeM IIepoxoBaTOCTH 
moBepxHoctw 80 mkM HO JTOCT 2789-73. 


Ulupuna aHasM3supyemMoro yuacTKa cocTaBilasa 


HamlaBIeCHHOrO MeTayuia Oblia 


He MeHee 15 MM B COOTBETCTBHH C TNeOOBaHHAMH 


M BO3MO%KHOCTAMH OOOpyqOBaHHA. KOHTpOuIb 
aHalIM3MpyeMOw OBepXHOCTH _ BBITOHAJICA 
BH3yaJIbHO C HCIOUb30BaHHeM JIylbl SX 


yBenuyueHua 10 TOCT 25706-83 Ha oTcyTcTBHe 


pakoBHH, nop u -~ BkaoueHHH. Jinnna 
HeMCHOJb3yeMOro y4acTKa B Hayasle HW KOHIEe 
HamiaBke CocTaBiasia 20 MM. 

XMMMYCCKHH AaHasIM3 HalaBJIGHHOrO MeTasia 
olipeyeiisH Ha Tpex oOOpa3ilax, Ha Ka?KJIOM 
OOpa3lle BbINOJHAIH TpH 3aMepa Ha pa3JIM4HbIx 
yuacTKax C HCIOJIb30BaHHeEM HCKPOBOrO OITHKO- 
IMUCCHOHHOrO ciieKTpoMeTpa Q8 MAGELLAN 
komMuaHuuw Bruker Elemental ((‘epmanua). Ha 
oOpa3sell = 1 


XUMUYCCKOLIO aHaJIN3a HallWlaBSICHHOLTO MeCTaJiIa. 


pucyHKe 3 ~~ tpeyzcTapsieH 


For chemical analysis the surface of the 
deposited metal was milled to reach the 
roughness of the surface of 80 um according to 
GOST 2789-73. The width of the analyzed area 
was not less than 15 mm in accordance with the 
requirements and capability of the equipment. 
The control of the analyzed surface was 
performed visually using a magnifying glass 
with 5X magnification according to GOST 
25706-83 to prove the absence of shells, pores 
and inclusions. The length of the unused part at 
the beginning and the end of welding was 20 
mm. 

The chemical analysis of weld metal was 
conducted on three samples; on each sample 
were conducted three measurements at different 
places _—_— using 


spark optical emission 


MAGELLAN _ Bruker 
Elemental (Germany). Figure 3 presents a 


spectrometer Q8 


sample for chemical analysis of weld metal. 








a —~ — , , a WTuse a me f a 2 wm mal mae f 7 Gi 


ii 
(\TACTTH — Nod 
= 


1 pao mara SS oo ‘| 


Safety of Technogenic and Natural Systems 2017 








Puc. 3. OOpa3ell JJId XAMHMYECKOLO aHasIN3a HalaBJIGHHOrO MeTas1a MpoBosOKOK Innershield NR-207. 


Fig. 3. A sample for chemical analysis of welded metal by flux-cored wire NR-207. 


XUMUYECKHUN COCTAaB HalllaBJIGHHOrO MeTasiIa 
TOPOMKOBOH WpoBoOKOH NR-207 auameTpom 
1,7 MM 110 pe3yJIbTaTaM W3MepeHuH IpesCTaBseH 
B TaOsutte 1. 


The chemical composition of welded metal 
by flux-cored wire NR-207 with a diameter of 
1.7 mm _ according to the results’ of 
measurements is presented in table 1. 

Tada | 


Table 1 


XMMUYECKHH COCTAB HalllaBJIEHHOTO MeTasiIa WpoBoIOKOM NR-207 


Chemical composition of weld metal wire, NR-207 


C, Si, Mn, Pp. S, Cr, Mo, Ni, Al, Co, 
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) 
0.085 0.254 1.233 0.043 0.034 | 0.044 | 0.045 1.146 ~1.029 | 0.018 


Cu, Nb, Ti, V;, W, Sn, B, N, Fe, 
(%) (%) (%) (%) (%) (%) (%) (%) (%) 


oo Fomost [oo028 | Gams | <no10 | oo#7 | Gost |-H019 | v5.98 | 





AHaJIW3 IKCHeEPMMeHTAaJIbHBIX JAHHBIX. Kak 
BHJHO 3 TaOmMubI 1 B HalaBsIGeHHOM MeTasisie 
TOPOMKOBOH WpoBorOKOM NR-207 ocHOBHbIMM 
KOMIIOHCHTaMH MO%XKHO CUYHTaTb 2JICMCHTHI 
cojlepxKaHuvem Oosree 1 %. ITO MapraHell, HUKeJIb 
WM alKOMMHUM, MMeCHHO OHM OIIpeyeIAKOT COCTaB UH 
CBOMCTBa HallaBJIeHHOro MeTasa. Cozepxxkanue 
aNIKOMMHUA WH KPCMHHA B HalllaBJICHHOM MeTalLIe 
TO3BOJIACT CYIMTb O TOM, Y4TO B HallosIHuTese 
NR-207 


AJIIOMOCHJINKATbBI =U 


IIPOBOJIOKU cojlepxkatTca 
9TY IIPpOBOJOKY MOXKHO 
OTHECTH K HOKPbITHIO KapOOHAaTHO-JIOOPUTHOrO 
Tuna. Ilokpbitua aHHOrO Tuma MpeCTaBJIAKOT 
codon cuctemy CaO — CaF, — Al203 — TiO? [8]. 
Oxcuy Kalbuua (CaO) sBiaeTCA OCHOBHbIM 
oomalaeT 


OKCHJIOM, XOPpOIIMMU 


S-jyournal.ru 


Analysis of experimental data. As it can 
be seen from table | the elements of content 
more than | % may be considered as main 
components in the deposited metal by flux- 
cored wire NR-207. They are manganese, 
nickel and aluminum, which determine the 
composition and properties of the deposited 
metal. The content of aluminum and silicon in 
the deposited metal makes it possible to think 
that flux-cored wire NR-207 core contains 
aluminosilicates and this wire can be attributed 
to carbonate-fluorite coating type. Coatings of 
this type are the system CaO — CaF2 — AI203 — 
Ti02 [8]. Calcium oxide (CaQ) is the main 
oxide, which has good refining properties, 


——— 


CBOHCTBaMH, BbIBOJHMT H3 


cepy HM  occop, 
oOsleruad UX Tepexoy B mwiak. CaO He pacTBOpuM 


paduuupyroluwuMu 
HalllaBICeHHOrO = MeTaJiyia 


B  MeTauIe, WO3TOMyY He OOHapyxKeH B 
HaljlaBJICHHOM MeTasIe. DTOPHCTHIM KasIbIMN 


(CaF) (DIHOOpUT, BBOJMTCA B BUe IWIaBUKOBOrO 


mata) — OTIM4HbIM pa3x%KWKUTeIb WWIaKOB UY 
XOPpOIO CBA3bIBaeT BOOPOA, Y4TO CHMKAeT 
IIOPHCTOCTB u yayumiaet CBOMCTBA 


HalllaBJIGHHOrO MetTasua. AM@OTepHbIM OKCHA 
(Al,03) pearupyeT c KHCIIbIMM WM OCHOBHbIMU 
OKCH]aMU, CIOCOOCTBYeT MOBbILICHHIO BA3KOCTH 
ugaka. JIuokcuy TuTaHa (T10O2) OTHOCHTCA K 
KHCJIOTHBIM OKCH aM, MOHWKACT BA3KOCTb Waka, 
oOsaqaeT BbICOKOM ra30lpoHuijaemMoctTby1o. MnO 
u NiO oTHOCATCH K OCHOBHbIM OKCHaM, 
OOpa3yFOT KOMIMICKCHBbIe€ COeCJIMHECHHA C KMCJIbIMU 
OKCHaMH, TaKUMH Kak JIMOKCH KpeMHua (S102). 


Bprposbi. Anasu3 XWMMM4eECKOTO cocTaBa 
Hal1aBsIeHHOro MeTayia, BbIMIOJIHCHHOTO 
CaMO3all[MTHOU MOpOUIKOBOU IIPOBOJIOKON 


Innershield NR-207, no3BouseT CHelaTb BbIBOJ, 


4TO lIpu cBapke YI IEpOAUCTBIX u 
HM3KOJIErMpOBaHHbIX CTaslei C MCHOUb30BaHHeM 
UCCJICYEMOrO CBapOYHOTO MaTepuasa B padouel 
30He  cBaplwKa MOryT  OOpa30BbIBaTbCA 
OCHOBHbIc KOMIIOHCHTHI TBEPAON COCTAaBJIAIOMeH 


CBapOdYHOrO adpOSOJIA, TOKCHUHbIC COCTMHCHYA 


MapraHila, @Topa, avKOMHMHuaA WU HuKesa. B 
KauecTBe ra3000pa3HbIx COCTABJIAFOMLUX 
CBapOuHOrTO = adpO30JIN —TOKCHYHBIC Ta3bl 
(bropucThm Bonopoq (HF) u_ terpadtropuy 


KpemuHua (SiF4). B Bo3sqyurmHOn cpeye padouen 


3O0HbI CBapItHKa YPpOBCHb JITHX TOKCHOHBbIX 


9JIEMCHTOB TpeBblilaer MpeesbHO-OMYyCTUMYyt0 
KOHUeHTparnt10o [9, 10]. 


bu0s1norpamuyeckul CIMCOK. 

1. Merogosorua UW TpHHIMMbI MOUCKa pellleHun, 
oOecneyeHuA Oe30NacCHOCTH paOOTHI CBapLIMKOB 
B CTCCHEHHBIX YCJIOBUAX HU Ha TPYTHOJOCTYMHBIX 
oObextax / JJ. A. Koponunk [u gp.] // BecrHuk 
JIon. roc. TexH. yH-Ta. — 2016. — T.12. — No3 
(86). — C.141-147. 
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removes sulfur and phosphorus from weld 
metal, facilitating their transition into the slag. 
CaO is not soluble in the metal; therefore, it 
was not detected in the deposited metal. 
Calcium fluoride (CaF2) (fluorite, is introduced 
in the form of fluorspar) is a great diluent of 
slag and binds hydrogen quite successfully, 
which reduces the porosity and enhances 
properties of the deposited metal. Amphoteric 
oxide (Al203) reacts with acidic and basic 
oxides, contributes to the viscosity of the slag. 
Titanium dioxide (Ti02) belongs to acidic 
oxides, lowers the viscosity of the slag, it has 
high gas permeability. MnO and NiO are the 
main oxides and form complex compounds with 


acid oxides, such as silicon dioxide (S102). 


Conclusion. The analysis of chemical 
composition of welded metal by self-shielded 
flux-cored wire NR-207 leads to the conclusion 
that welding of carbon and low alloy steels 
using welding materials of the investigated 
material in the working zone of a welder can 
form the main components of welding aerosol 
solid 


manganese, fluorine, aluminum and nickel. As 


component, toxic compounds _ of 


for gaseous components of welding fumes, they 
are toxic fumes of hydrogen fluoride (HF) and 
silicon tetrafluoride (SiF4). In the working zone 
air of a welder the level of these toxic elements 


exceeds the maximum permissible 


concentration [9, 10]. 
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YUET MACLIITABHOLO ®AKTOPA 
TPH IKCHEPHMEHTAJIBHBIX 
HMCCJENIOBAHHAX MOJEJIEN 
MPOTHBOYJIAPHBIX YCTPONMCTB UIA 
3ALIUTbI CYCTABOB 


O. B. Nenucoe, A. E. Honomapee, 
FO. C. Anexkceeéa 


JJoHCKONM TocyapcTBeHHbIN TEXHHYeCKHM YHUBEpCHTeT, I. 
Poctos-Ha-J[ony, Poccuuickaa Deyepauna 
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Ilenb10 §=padorTsI 
MacluTaOHOoro (akTopa pw MojleIMpoBaHuu 


ABJIACTCH OUCHKA BJIMAHWA 


IIPOTHBOYTapHOroO IIICMCHTa OOK bl Ha OCHOBC 


ciaBa = c 92ddekTOM naMaATH (QOpMBI. 
PaccmotTpeHa TeXHH4eCKad BO3MO%KHOCTb 
9IKCTpanouAWHH pe3yJIbTaTOB 


9IKCICPMMeHTAJIbHbIX MCCIeCOBaHHH Ha MWHbIe 
OObEKTHI JIA (POPMHPOBAHHA HMCXOHbIX JaHHbIx 
MaTeMaTHyecKon MOJIeIH MHaMUKu 
qedopmManun 


IIPOTHBOYapHbIX YCTPOMCTB TIpH coOsOTeHHu 


yupyronsacTu4eckou 


TOOOuUA OCOOCHHOCTeH BHEIIHerO Harpy2KeHHA. 


KunoueBble CJI0Ba: TpOTHBOYAapHad 3allluTa, 
nedopmansa, 9%2)dextT 
TaMATH (POpMBI, 3alll[uTa CyCTaBOB, MaCIITaOHbIi 
(bakTop. 


BBeyenne. 


yllpyro-lmlacTuyeckaa 


PO B 
JIeMCTByeT HalMOHabHbm cTanyzapT TOCT P 
54934— = 2012 


Oe30lacHoOcTH Tpyqa UW OxpaHbl 


HacTOALIMH MOMCHT 


«CHCTEMBI MeHeJ2KMeHTa 
3[OPOBbs)». 
OyHakO aHasIv3 CTAaTHCTHYeCCKHX JIAHHbIX B ITOM 
OOacTH NOKa3bIBaeT POCT MpodeccuoHalbHou 
4YTO OCHOBHOM 


3a00JIeBaeMOcTH. BbiaBseHo, 


lIpwvu4nHon lIpodeccuoHalIbHou aTOIOrMu 
ABIIAIOTCA HEKOM@OpTHbIe YCOBHA Tpyyqa, a 
TakoKe OTCYTCTBHe, HH3Kad IPMeKTHBHOCTh UJIU 
OTCYTCTBHe Yy paOOTHHKOB WHAMBUyasIbHbIx 


CpeXCTB 3allMTbI. Cpe 3alMTHBIX CpeJCTB, 
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SCALE FACTOR IN EXPERIMENTAL 
STUDIES OF SHOCKPROOF 
DEVICES MODELS FOR 

JOINTS PROTECTION 


O.V. Denisov, A. E. Ponomarey, 
Y. S. Alexeeva 


Don State Technical University, Rostov-on-Don, Russian 
Federation 


OVD63 @mail.ru 

ae_ponomarev @mail.ru 

The aim of this paper is to evaluate the scale 
factor influence in the modeling of shockproof 
clothing on the basis of an alloy with shape 
memory effect. The article considers technical 
possibility of extrapolation of experimental 
results to other objects to generate the initial data 
of the mathematical model for dynamics of 
elastic-plastic deformation of the shockproof 


device with similarity of features of the external 


loading. 
Keywords: shockproof, elastic-plastic 
deformation, shape memory effect, joints 


protection, scale factor 


standard GOST R 
54934— 2012 "Health management systems and 


Introduction. National 


occupational safety" is currently in force in 
Russia. However, the statistical data analysis in 
this field shows the growth of professional 
morbidity. It is revealed that the main cause of 
occupational diseases is uncomfortable working 
conditions, as well as the lack of or low efficiency 
of personal protective equipment. Among the 


protective equipment that has been successfully used 
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yYCHeIuHO TpMMeHAIOMMxcA B WpodusakTuKe 
TpaBM, HeOOxXOJMMO OTMeTHTb TpOTHBOYapHble 
IIpHcnocoOsIeHuaA — HaKOJICHHHKH, 3JIAaCTHUHBIe 


HWOBASKHW, a TaKKe IW IaCTHUHbI] WilaCTHUHUAaATbIX 


yIIpyruMu 
971aCTH4UHBIMH OaHaaxKamMu. HeqoctaTKkKaMu Takux 


pa3beMOB, COeJIMHeEHHBbIe 


MOoyeneH CTaIM pa3Mepbl, CJIOKHOCTb HU 


JOpOroBu3Ha UCIOJIHCHHA, +HEBO3MO2%KHOCTB 
YOOHO HU ObICTPO H3MCHATS MeCTO (UKCalMu Ha 
onex ye [1-4]. 

Mojewp 
OeK II. 


QJIEMeHT Oex%KTbI (pvc. 1), IpeAcTaBIAFOMIMH U3 


IIpOTHBOYAapHOorO =. Ie MeHT a 


Pa3pa0oTaHHbI MpoTHBOYapHbii 


ceOa Kpellalllyioct C TOMOLM[bIO 3aCTé*KKU- 
NMMyY4KH WU 3all[MTHO-J]eKOpaTHBHOrO KulataHa 
HaklaKy, COJIeEpxKUT OCHOBY B BU e cliMpasen U3 
9KBHaTOMHOrO THTaHO-HHKesIeBOrO cliaBa Cc 
39ddekTOM TamaTu PopMbI. OcHOBa BBINOJIHeHa B 
Bue CluMpalen MpOBOJIOKH MWIOCKOrO CeyYeHHA C 
puckamu WO BCcei JIMHeE MW BKIOUcCHA HJM 
MHTerpupoBaHa B IIAaCTH4YHbIN WedopMupyeMbli 
CWJIMKOHa. ITO 


IIICMCHT U3 WO3BOIACT 


OCYIIECTBUTb OTHOCHTeJIBHYIO 
IIPOCTpaHCTBeHHy!O (uKcCalMIoO §=6CHuMpasiw—siB 
OCHOBe, OOecHe4uHuTb TpeOyemMoe paccTOAHHe 
M@K]Y BUTKAMM CIIMpali, a TaKXKe YAACTBOBATh B 
MOMIomeHHu 2HepruMuH yyapa. OcHoBa c JIByx 
CTOPOH IIOKpbITa llepdopupoBaHHowt 
TENJONPOBOTAIIeEH JIGHTOM Ha OCHOBe MeJIHOrO 
ciuyiapa, c C- unm [l-oOpa3HbIMu «emecTKaMM)). 
C OHOM CTOPOHbI OHA CHaO%*KeHa TeKCTHJIbHOM 
3aCT@KKON-JIMINY4KOH, a C Apyrow — TKaHb 
UMeeT IleeBoe NepdopupoBaHne. 

B kauecTBe 9KCIeCpMMeHTAaJIbHBIX MOeen 
IIpOTHBOYapHoro IIpHcnocoOsIeHHu4A 


UYCHOJIBSOBaH IIPOTHBOYapHbIu ITICMCHT C 


OlipeyesIeHHbIMM = radapHTHbBIMM = pa3MepaMu: 


yMaMeTp cimupaw, WupwunHa U- TOMMHAa 


IIDOBOJIOKH, War MOKTY BHUTKAMW HW MOKITY 


clMpaslamu. 
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for the prevention of injuries, such of them as knee 
pads, elastic bandages, and plates of flat-like 
connectors put together by elastic bandages should 
be mentioned. The drawbacks of such models are the 
size, complexity and high cost performance, the 
inability to conveniently and quickly change the 


place of fixation on clothes [1-4]. 


The model of shockproof clothing. The 
designed shockproof item of clothing (Fig. 1), 
which is a plate fastened by a hook and pile 
fastener and a_ protective-decorative valve, 
contains the basis in the form of spirals of 
equiatomic titanium-nickel alloy with shape 
memory effect. The basis is made in the form of 
wire spirals of flat cross-section with marks along 
the entire length and it is included or integrated 
into the silicone deformable elastic element. This 
makes it possible to have the relative spatial 
fixation of the spiral at the base, to provide the 
required distance between the spiral turns, as well 
as to participate in impact energy absorption. The 
both sides of the base are covered with perforated 
thermally conductive tape based on copper alloy, 
with a C - or U-shaped "petals". On the one side it 
has textile hook and pile fastener, and on the 
other side the fabric has slit perforation. 

As experimental models of shock devices we 
have used the shockproof element with specific 
dimensions: spiral diameter, width and thickness 


of wire, spacing between the turns and between 


the spirals. 
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Puc. |. Cxema kpeluieHua lmpoTuBoyyzapHoro Fig. 1. Scheme of fastening of shock-proof item of 


OIEMCHTA OOK BI: clothing: 1 — shockproof element; 
| — mpoTuBoyapHbiit SeMeHT; 2 onexK Ta; 2 — clothing; 3 — hook and pile fastener; 4 — textile 
3. — 3acTexKa-lIMiyuKa; 4 — _  TKaHeBOH 

i. protective-decorative valve; 5 asis of the shockproof 
JICKOPTHBHO-3all[MTHBIM ~=KIanaH; 5S — OcHOBa 


MIpOTHBOYapHOro SeMeHTa O/e%K EI; item of clothing; 6 — cross section wire spirals; 


6 — cliMpasiu NpOBOJIOKH Ce4deHHA; 7 — silicone deformable element; 8 — spiral turns; 

7 — CHJIMKOHOBbIM JE@OPMUPyeMBbIi 3JICEMeHT; 9 — heat-conducting tape; 10 —"petals" of the heat- 
8 — BHTKH ciMpaiu,; 9 — TenJONpoBosAMas conducting tape; 11 — fabric with slotted holes; 
nenta; 10 — «nenecTKH» TelmompoBozamen 


12 —fabric slit perforation 
neHTbI; | | — TKaHb Cc IesIeEBbIMH OTBEPCTHAMH; 





12 — meseBoe nepdopupoBaHne TKAHU 


IIpuMenenne mMacwmiradHoro = dakrTopa. The application of the scale factor. After the 
Hocae oopadorKH pata Pao)eeeror processing of a number of results of experimental 
9KCIEPHMECHTOB oOpa3Il0B Ha OCHOBe 


samples on the basis of equiatomic alloy with 
9KBHaTOMHOrO ciiaBa c 93ddekKTOM TWaMaATH 


(bopMsI nosyyena cuctema 6e3pa3MepHEIx shape memory effect, we obtained a system of 


KOMIIICKCOB, KOTOPBIC OCTaTOUHO  MOHO dimensionless groups that adequately describe the 


ONMCbIBaIOT yIIpyromlacTuyeckue epopmallMn. elastic-plastic deformation. There is the 
CyulecTByeT MpWHUMIMaIbHad BO3MOXKHOCTh —nogsibility of transferring the results of the 
TlepeHoca pe3yJIbTaTOB 9KCIICpHMeHTa Ha 


Nod 


» ( / LF a 
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peasIbHble IPOTHBOYyapHble IJICMeCHTEI. 

Ja Ouyy4aeHHA pe3yiIbTaTOB C y4eTOM 
BJIMAHHA MacilliTaOHOoro dakTopa mpeycTaBuM 
pe3yJIbTaTbI UCIIbITaHMH MOeIeH B- BUTE 
COOTHOINeCHHH MexK]Y KpuTepnHamu rosobus [5, 
6|. B KauecTBe XapaKTepHbIX MapaMeTPOB MO2KHO 
paccMOTpeTb: JJIMHYy 


IWOrOHHOTO yYuUaCTKa, 


paguyc 
CKpy4uHBaHuA cliMpamen R, BeJIM4MHYy BHeINHero 


IIOJBepxKeHHOTO BO3eHCTBHIO |, 
MOrOHHOrO (Ha eJIMHHIY IMHbI) CHJIOBOTO 
Bo3qenctTBua =s#F,, OTHOCHTeJIBHOU 
nedopmMalunu 
IIPOTHBOYapHoro 


BeJIMUHHY 
IMHeEMVHOU 9IKCHEPUMeHTAJIbHOK 
MOJeJIM YCTpOWMCTBa ), 


BeJIM4UMHY OTHOCHTeJIBHOM MHeEUHOU 


nedopMalnu 
yCTpOlMcTBa B yIIpyrow 30He 0,,, HHTerpasIbHBIi 


MOJIeJIM IIPOTHBOYAapHoro 


peel IIDOUHOCTH MaTtepvaJIOB MOJICJIM 


IIpOTHBOyYAapHOroO YyCTpOMCcTBa B 30HE yipyron 


nedopmauuu G, MWHTerpalbHbIi mpeyes 
IIpOuHOcTH MaTepHasIOB MOeuI 
IIPOTHBOYapHOro yCTpOWCTBa B 30HE 
yupyromlactuyeckoh edopMaunu @. B 
pe3ylbTaTe MONy4aHM CJIeqyIOWIMH CIMMCOK 
OCHOBHBIX apaMeTpPos: 
F,1, R, G, ®, 0, 0, (1) 
Pa3MepHocTHu mpecTaBuM, corslacHo 


W3BeCTHBIX 3€KOHOB HW TeOpHu MosoouA, B Bue 
MatTpuupl [7]: 
211 -l1 -'il 
100 1 #1 2) 
—2 0 0 —2 -2 
Be3pa3MepHble lapaMeTpsl @ U O,, B aHHbIi 
OlIpeCIMTeIb HE BKJIFOUCHBI. 
BaxkHoO Olpee@IMTb 4HCHO He3aBMCHMbIxX 


Oe3pa3MepHbIX 3ABHCHMOCTeH, CBA3A@HHBIX C 
aHHOH MatTpuue. OHO paBHO n—-—r=5—2=3, 
rye ry — paur MaTpuupl (2). 

YrToOpi 
KOMIMICKCOB 
CICYIOWMU BUT: 

1 0 -l O -3 


01 0 0 -1 (3) 


cO30aTb 4 CHCTeMy Oe3pa3MepHbIx 


lIpeoOpa3yem MaTDpUILy B 
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experiment on real shockproof elements. 

To obtain the results with account to the scale 
effect let’s present the results of the models tests 
in the form of correlations between similarity 
criteria [5, 6]. As characteristic parameters we 
can consider the length of the impacted linear 
area /, the twisting spirals radius R, the amount of 
external linear (per unit length) force action F, the 
value of relative linear deformation of the 


shockproof device experimental model ©, the 


value of relative linear deformation of the 
shockproof device experimental model in the 


elastic zone , , the integral tensile strength of 


materials of a shockproof device model in the 
zone of elastic deformation G, the integral tensile 
strength of materials of a shockproof device 
model in the zone of elastic deformation ®. As a 
result we get the following list of basic 
parameters: 


F,1, R, G, ®, 0, 0, (1) 
The dimensions are presented, according to 
the known laws and theories of similarity, in the 
form of a matrix [7]: 
2 11-1 -i1 
1 00 1 1 (2) 
=2. 1) OO: =Z2 2 


Dimensionless parameters g@ and @,, are not 


included in this. 

It is important to determine the number of 
independent dimensionless dependencies 
connected with a given matrix. It is equal to 
n—-r=5—2=3, where r is the rank of the matrix 
(2). 

To create a system of dimensionless groups 
let’s transform the matrix in the following form: 


10-1 0 -3 
01 0 0 -1 (3) 
00 1-1 0 
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Ucnomp3ya (3) WH HeHCIOb30BaHHbIe paHee 
yIJIOBbI€e BeIMYHHEI HU O,, MpeyqcTaBumM 
CUCTeMy Oe3pa3MeEPHbIX KOMIIJICKCOB TeIIepb B 
(bopMe KpuTepues noz00na: 

ti sinker, Ywd. Yew 
Il, =9, Il, =). (4) 

VuBapuanTHoctb KpuTepnes mo7o0nsa IT), I, 

. , Ils Id MoyeIM UM HaTypbl, paBHOCHJIbHa 
TpeOoBaHuto TeOMeTPHYeECKOrO mo7qooua 
OOBCKTOB. 

IIpu stom Il; MO%#xKHO paccMaTpHBaTb Kak 
aHasIOrM4HbIn 


7]. 
1/R=const wu 


W3BeCCTHbIM 3aKOH Tozo00ns, 


(bopMysupoBKe Kupnuyepa-bapOda-Kuka 
Teometpuyeckuve moyo0OHBIe 
TOJOOHO Harpy2xKeCHHble BHeWIHHM IIOrOHHBIM 


CHJIOBbIM BO32CHCTBHeM F U3 ONHUX Tex Ke 


MaTepHasIoB TOJTy4aroT OJIMHAaKOBbIe 
KacaTeJIbHble Halpsx%KeHHA UU  CJIBUTOBbIe 
edopMaluu, ecm BellM4uHHa  BHeIIHerO 
MOrOHHOTO CUJIOBOTO BO3NCHCTBUA F 


IIpOMOpUMOHaIbHa payuycam ciupasel. 

IIpumMem B KayecTBe OCHOBHOFO XapakTepHOro 
pa3sMepa payiMyc ciuMpanen R u BbIpasuM JWIMHYy 
MlOrOHHOTO yuactka, NOJIBep»KeHHOTO 
BO3JICHCTBHIO / SKCIICDHMeCHTAJIbHOrO OOpa3ila | 


WM HaTypbl 2 Yepe3 OCHOBHON: 


L,=K,R,,  i=1,2. (5) 
Ilostomy MO?KHO IIPCWITOJIOAKUTh, ATO: 
Ll 
L-2-K =K,=K. (6) 


R, R, 
Ilonb3yacb (6), MOXKHO TipesCTaBUTb CHCTeMy 


ypaBHeHHM ylipyrolsactuyeckon yedopmMaunu 
MOjJleIeH B POpMe 


F=——D,, i=1,2,... 
DK 


GR. 4; <y 


D, _ G.R? EG _ 46) + 
3 rs 








D. o\ oo 
Fieaal oe . |=". | > . 7 
BpeqeM Id YeOMeTpHuecKH IMOZOOHbIX 


oOpa3n0B | u 2 MaciiTaObl paquycoB cnupaser 


Ro,  BeIMUMHbI OTHOCHTCJIbHOM JIMHCMHON 
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Using (3) and the unused previously angular 
values o and @,, let’s consider a system of 


dimensionless groups in the form of similarity 
criteria: 


Il,=9, UH; =9,. (4) 
The invariance of the similarity criteria I],, 
IT, 
equivalent to the requirement of geometric 


, Ils for the model and a sample is 


similarity of objects. 

Thus II, can be regarded as a well-known law 
of similarity, similar to Kirpicheva-Barba-Kick 
similar ones 


formula [7]. The geometrical 


1/R =const and similarly loaded with an external 


linear force action F of the same materials receive 
the same shear stresses and shear strains, if the 
value of the external linear force F is proportional 
to the radii of spirals. 

Let’s take the radius of the coils R as a basic 
characteristic dimension, and express the length 
of the linear area exposed to the impact / of the 
experimental sample 1 and the model 2 through 
the main one: 


L=K,R,, i=l, 2. (5) 
Therefore, we can assume that: 
fs ee an a (6) 


R, - k, 

Using (6), we can represent the system of 

equations of elastic-plastic deformation of models 
in the form of: 











=D, i=1,2,... 
2K 
GR; 0; <9, 
D. = ‘i 
i G.R: {0.8 + 
3 0; 
D. o) o 
+—(9; — ® i= zi al 3 » 9; =9,;- (7) 
G, (9 t 4 ql ™ 


Let’s 
samples | and 2 the magnitude of the radii of the 


introduce for geometrically similar 


spirals Ro, the value of relative linear deformation 


— 





nepopmMaywn =, 


IIpOuUHOCTH 


WHTerpasIbHble = pe eJIbI 


MaTepHasIOB MOeJIM 
IIPOTHBOYAapHOrTO yCTpOvicTBa B 30Hax yiipyrou 


WM yupyrommacTuyeckon AepdopmMauun G, u ®, 





R 
R,=—; b, =: Go 
R, , G, 
@D 
Dy = Dio - _ , (8) 
2 m2 


IIpu 9STOM oOrpaHH4MMcaA paccMOTpeHveM 
yYCJIOBMA BHeIMIHerO HarpyKeHHA MOeen, pu 
KOTOPOM OCTAaKOTCA TOCTOAHHbIMUM OTHOIMCHHA 
IIPWJIOXKCHHBIX BHEIIHHX MOFOHHbIX CHJIOBbIX 
BO3CHCTBHH: 


F 
— =F, =const. (9) 
F, 
Ilonmp3ysicb MaciuiTaOamu§ (8), ycuIOBHeM 
IpocTtoro HarpyxXeHua TOpcHOHOB (9) Uu 


TeCOMeTPHYeCKUM MOAOOWeEM, MOXKHO TpuaTb 
ypaBHeHuaM (7) OKOHYAaTeJIbHYIO MOpMy B 
Oe3pa3MepHOM BUHJe: 


] od Z Ty, 
————— ro Iipu ) 0 < 0 , 





(10) 

4 (,00:2) 

a Ve. - 

{ 4(,.:2) | 
=e 7 oo 5 (4,0, — robe )X (11) 


G.RG,R. 2K\  G,G, 


{i (40,2) {eahe) 
Aro) (nono) 





MPH 00, 2 0,,,,9 3 

Fy _ ™y | 
GR or mpu 0, <,3 (12) 

Af, 9m |, Prey _ 

Fy on +b a (2 Pan) as 
GR? 2K 1) gd 

= [1 fe |e 

o,) 9; 

mpu >, 29,5. 


B TOM cyJIyyae, ecm MaciiTaObr (8) He 
ABJIAIOTCA IIPOM3BOJIbHBIMH, a BbIOpaHbl TakKHM 
00pa30M, 4TO 
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o,, the integral limits of shockproof device 


models material strength in the areas of elastic 


and elastic-plastic deformations G, and ®, 





R) = a ; Do ao, G, ce 
R, 0, G, 
@ 
ee eee (8) 
P, 0.9 


Thus we restrict ourselves to consideration of 
the conditions of models external loading, at 
which the relations of the applied external linear 
force impacts remain constant: 

— =F, =const. (9) 
2 

Using scales (8), the condition of simple 
loading of torsion bars (9) and the geometric 
similarity, it is possible to give equations (7) their 
final form in the dimensionless form: 


Fil 2 Tl f 0 f 2 
—__°_=__ = ———= _ pu ) < . (10 


4 (,,,9,0 . 
= DioM u2 i a. | a 
3 | 4 Ce ) } 


=A) “wae = x |CI) 
G,RG,R3 2K G,G, (0, Pro? rn2 ) 


{i (H..2) {tote}, 


re: P,P, 


A(,%:2) (on) 








with od, 2 Dio Par 5 
F, TU), 
= IIpH 0, <0.,; 12 
G,R; VK p 0, O. ( ) 
4 On |, ® 
__ — te a2 -_ x 
F, - - 3 . 4; | G, (4, 0) 





(13) 
bn 


GR? 2K 4 
a {1-8 | ; 
>) 5 


with 9, 29,,. 








In case if the dimensions of (8) are not 


specified, but chosen in such a way that 


) Le = UU Dv Ay ww 





ron]; #021; %@j, 521, (14) 
GyR, Dio D) Ry 
OJHOMUMeHHEIe ypaBHenna (10) u (12), (11) uw C13) 





TOXK]CCTBEHHO COBaqartoT. CooTHomenua (14) 


IIpu ITOM IOSBOJLAFOT Ilo 3aNaAHHbBIM 


XapaKTepHCTHKaM OJHOrO OOpa3ila TOJYIMTb 


XapakTepHCcTHKU Jpyroro 


IIPOCTbIM 
TlepepacuetTom. 


JlevicTBUTeIbHO, CormacHo (8) u (14) 


3 
F F F 
= Be tee i we. C15) 
GR GR F, |G Ik 
B cooTBeTCTBHU Cc ycIOBHAMH HoOWOOnA (4), 


oOpadoTKa pe3yJIbTaTOB MUCHbITaHHH MO eer 
TOPCHOHOB TpOH3BOAMIaCh B KPUHTepvasIbHou 


F I @ 
geile ght} 


QKCHepHMeHTaxX Cc MOeNAMH OOpa3IlOB 
IIPOTHBOYAapHbIX YCTPOMCTB, BbIMOJIHCHHBIX Ha 
OCHOBe cliaBa Cc 39PdeKTOM HamsaTuH dopmpr [8], 








(bopMe 


BapbHpOBaloch Oe3pa3MepHoe  OTHOLIeHHE 
l 

Il,=—. Ocranpusie Kputrepunu noodns 
R 

COXpaHAJIN MOCTOAHHOE 3HadeHHe: 


I, =0,1, I, =I, =0,56. 
HCCKOJIBKHX OIbITOB, WILT OTMCUCHHbIX Ha PHC. ] 


(DHKCHPOBaHHBIX 3HAYeCHHM KpuTepveB NoOA00nA, 
IIOCTpOeHO IIpOcToe KpHTepHasIbHoe ypaBHeHHue 


Ilo pe3ymbTaTam 





F f 

GR’ R 
Ilo Mepe yMeHbIleHvaA Mapametpa_  II> 
HeIMHeMHBIN = (EKT OT  TyacTM4eckoro 


YIIPOUHeCHHA BbIPOKTAaeTcs. 

OTMe4eHO YAOBJICTBOPUTeIbHOe COBMayeHue 
KpuTepueB B 3a7]aHHon oOslacTu 
nedopmMupospanna. HecopnayeHua JIA MOJIeJIbHbIX 
OOpa3ll0OB COCTAaBJIAIOT He Oosee 15 %. OHH MOryT 
ObITb OOBACHEHbI pa3IM4HeM HeuMHeMHOCTU 
yIIpOuHeHHA lIpHu yp yrolmslacTH4ecKHx 
edopMallMaAx B MOJeUAX Ha OCHOBEe crwiaBa Cc 
(DeHOMCHAJIBHbIMH CBOMCTBaMH. HemuHeiHocTh 
KpHTepHasIbHOH 3aBMCHMOCTH B JIaHHOM cCJIy4ae 
ABJIACTCA CJICICTBHEM OCOOeHHOLO HU CiryyaMHOro 


XapakTe¢pa BHCHIHHX CHJI, MpWJIOXKCHHbIX K 
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F 
oa]; 20-1; 90-3; 2-1, 14) 
GR, Ono D) Ry 





the homogeneous equations (10) and (12), (11) 
and (13) identically coincide. The relations (14) 
allow with simple recalculation get the 
characteristics of a sample using the specified 
characteristics of another. 


Indeed, according to (8) and (14) 


3 
ee SE | St) 
GR; G,R; # » LG, IL 


In accordance with the similarity conditions 








(4), the processing of tests results of torsion bars 


models was done in criterial form 


as 2 S . In the experiments 
GR’ RG" 


with shockproof device model samples made on 





the basis of an alloy with shape memory effect 
[8], dimensionless ratio IT, = varied. The other 


similarity criteria were constant: 
Il, =0,1, 11, =I, =0,56. Based on the results 
of several experiments for the marked in Fig. 1 
fixed values of similarity criteria a simple 
criterion equation was made 


F / 
4.-5(4] 


With decreasing of the parameter II, the 
effect of the 





nonlinear plastic hardening 
degenerates. 

The satisfactory criteria coincidence in a 
specified region of deformation was found. 
The noncoincidence for the model samples is 
not more than 15 %. It can be explained by the 
difference of non-linearity hardening at 
elastic-plastic deformations in the models on 
the alloy with phenomenal properties. 
Nonlinearity of the criteria dependence in this 
case 1S a consequence of special and 
occasional nature of the external forces applied 


to models. 


a 





MOJeCJIAM. 


IIpH ucnbiraHuu MoOjyeyew U3MeHeHHe 
TeMIlepaTypbl HarpeBa OOpa3ll0OB TakKxKe MO2KeT 
CYII[eCTBCHHO BJIMATb Ha MexaHHyecKuHe CBOHCTBAa 
ciuiaBa c 3d@dekToM namsaTH dopmpl. Bsrodop 
ONTHMaJIBHBIX 


yipaBieHHi WU WapaMeTpoB 


MOoyeled WpospeqeH pv  BapbupoBaHun 


I, R,0,,G Takum oO0pa30m, 4TOOBI OOecreduTB 


W3MCHYMBOCTH KputTepHes oOz0Ons I> u Hs. 


F 
GR° 








During models testing the heating temperature 
changes of samples can significantly affect the 
mechanical properties of the alloy with shape 
memory effect. The choice of optimal controls 
and parameters of the models were conducted by 


varying /,R,o,,G to ensure variability of the 


similarity criteria IT, and Is. 


Puc.2 DkKciepHMeHTasIbHble 3HadeHHA Oe3spa3MepHOH CHJIOBONM XapaKTepHCTHKU 


MOJIeIeH B KLPHTepHalIbHOHK (opMe 


Fig.2 Experimental values of the dimensionless power characteristics of the models 


in criterial form 


OOpadotKa 
qMaria30He 


9KCICPHMeHTOB B_ IIMpOKOM 
TemiepaTyp MpoBoyusach B 





' F / 
KDUTCPDUAJIbBHOU MODME = 4s ; 
putep (bop ae f . oy. 


Ha puc. 2 peycTaBieHbl pe3yIbTaTbl 
MCHbITaHHH MOeeH B WMpOKOM jMalla30He 
TeMilepatyp pH (uKCHpOBaHHOM OTHOINeCHHU 
IT, =5,12, ff, =0,1, fZ, =1,53. Mongemu 


BbIMOJIHCHbI B OCHOBHOM M3 THTAaHO-HUKesIeBOrO 
ciiaBa c 9ddmexTrom namaTu dopmpr TH-1 u 
MOJIMypeTaHOBOM OCHOBBI. 
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Experiments processing in a wide temperature 
range was carried out in criterial form 


F l 
GR’ =f[F-%)) 

Fig. 2 shows the results of models testing in a 
wide range of temperatures with a fixed ratio 
IT, =5,12, I, =0,1, 1, =1,53. The models are 
made mainly of titanium-nickel alloy with shape 
memory effect TN-1 and a polyurethane base. 
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Puc. 3. DKcHepHMeHTasIbHad 3ABHUCHMOCThb 3HAdeHU Oe3pa3MepHOH CHJIOBON XapaKTepHCTUKU MOEN 


Il, =FG R™ or senwunusl oTHocutembHol Zedopmayun I], = 0, 


Fig. 3. The experimental dependence of the values of the dimensionless power characteristics of the model 
Il, = FG'R™ on the value of relative strain11, = 9, 


3akio4eHHe. TakuM o0pa30M, OolleHKa 
BJIMAHUA MaciuTaOHOro (bakTopa TIpu 
MOJI@IMpOBaHHH IpOTHBOYapHOrO 93JIeEMeHTAa 


OWe%K bl Ha OCHOBEe cliulaBa c 3PMeKTOM NWaMATU 


(DOPMBI 
BO3MO?KHOCTB 


OOYCJIOBIMBaeT TeEXHHYeCKYI0 


OKCTpanouAUHH pe3ysIbTaTOB 
9KCHEPUMCHTAJIBHBIX MCCIeIOBAHHM Ha WHBIC 
OOBEKTHI WIA POPMHPOBAaHHA MCXOHbIX JAaHHBbIX 
MaTeMaTH4ecKon MOJIeJIM WMHaMuKu 
jedopMalnu 


IIPOTHBOYapHbIX YCTPOMCTB pu cooOsHOeHHu 


yupyronsacTu4eckou 


moOOuA OCOOCHHOCTeM BHEIMHerO Harpy2KeHH4A. 
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Conclusion. Overall, the estimation of scale 
effects in modeling of a shockproof item of 
clothing on the basis of an alloy with shape 
memory effect leads to technical ability of 
extrapolation of experimental results to other 
objects to generate the mathematical model initial 


data of the dynamics of _ elastic-plastic 


deformation of the shock-proof device with a 


similarity of features of the external loading. 
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MPOCTEHMIMETO JIOKAJIBHOTO 
JIEKTPO-YJIOBUTEJIA AIPO3OJIEN 3 
TrAJIBBAHHYECKON BAHHbI 

B. HM. Fapwmun, C. E. Pepacoxoea, 

A. P. Jeoedee, A. I. PriaodKoea 
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CtTaTba NOcBaAIMeHa MOJICIMPpOBaHHI0 
IIpOCTeHINero BIEMeCHTapHOrO 3BeHa JIOKaJIbHOTO 
IJIEKTPOYIOBUTEIA KalleJIb 9IEKTPOJIUTA, 
BbIOpacbIBAeCMOTO H3 TasiIbBaHH4YeCKOM BaHHbI B 
lmpomecce 


XPOMUPOBaHvA MeCTasWIM4eCKUX 


metanew. Moyenmpopanue c  lmpwMeHeHvemM 
perpeccHOHHOrO aHasIv3a BbIABIIAeT HavWOosee 
CYIIIeCTBeHHbIe = (akTOpbl TeXHOMOrM4YeCKOTO 
Ipolecca, MO3BOJIAeT pa3spaooTaTb IMeKTHBHbIC 
MOJICJIM HaIOBepXHOCTHBIX 3JIEKTPOYJIOBUTEIeH 
KalleJIbHOrO YHOCa HW ONpeeMTb ONTHMAJIbHOe 
COOTHOMeHuHe 


MO2K]TY KOHCTPYKTHBHbIMU 


TapaMeTpaMu HW pOOKUMOM IJICKTPOYaBJIMNBAaHHA. 


Ku0ueBble CJIOBa: adPO30JIb, TasIbBaHu4eckoe 
IIPOM3BOJICTBO, KalleJIbHbIM YHOC, 93JICEKTPOJINT, 
YJIOBUTeJIb, PerpeCCHOHHbIM aHaliu3. 


Bpejenne. | ambBaHuueckoe MpOu3BOICTBO 
OTHOCHTCA K HanOosIee BPeHbIM IIPpOM3BOJICTBAaM 
10 BO3JCHCTBHIO Kak Ha OpraHH3M padoTHuka, 
Tak WM Ha OKpyKarolly¥o cpezy. Karesbupie 
a3pO30JIM, BO3SHUKarollve B IJICEKTPOXHMUYeECKHX 
mpomeccax HaHeceHuA rasIbBaHudecKux 
MOKPbITHH, Kak TpaBusIO, COepxKaT BerIeCcTBA, 
WMerollve BbICOKHe KIacchl OnacHocTyH [ |]. 
Vimeetca [esIbId px] TeEXHM4eCCKUX pellleHHH, 
HalipaBJICHHbIX Ha TOBbIMeHHe Oe3s0lacHOCTu U 
SIKOJOFM4HOCTH TasIbBaHHYeCKOLO MpOU3BOACTBA, 
OHAKO OOJbINMHCTBO MpoOseM B STON OTPAcJIN, B 
yYacTHOCTH, poOsema odOecneueHHA 
Oe30NaCHOCTH BO3YINHOM cpeyibI padouen 30HbI 


B TdaJIbBBaHMW4CCKHX HUCxaxX, HO HacCTOAUIeCro 
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The article considers modelling of the simplest 
elementary link of a local electronic collector of 
drops of electrolyte, ejected from a galvanic 
bath in the process of chrome plating of metal 
parts. Modeling with the use of regression 
analysis reveals the most significant factors of 
the technological process and contributes to the 
development of effective models of above- 
surface electronic collectors of droplet 
entrainment and to determination of the optimal 
ratio between the design parameters and the 


mode of electronic collection. 


Keywords: Aerosol, galvanic production, 


droplet entrainment, electrolyte, collector, 


regression analysis. 

Introduction. Electroplating industry is one 
of the most harmful industries according to the 
impact on the organism of the worker and on 
the environment. Drop aerosols occurring in the 
electrochemical process of plating, as a rule, 
contain substances of high hazard classes [1]. 

There are a number of technical solutions 
aimed at improving the security and 
sustainability of electroplating. However, most 
of the problems in this industry, in particular, 
the problem of ensuring the safety of air 


environment of the working area in 
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BPeMeHH He Oya OFHO3HAYHOTO pellleHHaA. 
Ocooyro OlaCHOCTb 


TaJyIbBaHHAeCCKHe IpPOUeCCChl, B KOTOPBbIX B CHILY 


IIpeCTABJIAFOT 


TeEXHOJIOIM4eCKHX TpeOoBaHHit MMeeTCA 


OTKpbITOe 3epKalo 9eKTpomutTa [2]. K 
HaCTOAIIeMY BDeMeHH O KalleJIbHOM BbIOpOCe B 
TasIbBaHu4ecKOM IIPOH3BOJICTBe HaKOIJIeH 
OOMMpHEI Matepnar [3, 4] uw pa3padoTaHBI 
HOBble Woe3Hbie Moe [5]. Tak, Hampumep, B 
KOHCTpyKUMu [6] JIA MOBbIMMeCHUA 
9MeKTHBHOCTH yJaBJIMBaHHA UCTOIb30BAaIICA 
TepMOJHMDy3HOHHBIN IdeKT, B padote [7] B 
KauyecTBe 


MOMOJIHUTCJIBHOTO CpewCTBa 


yBesIM4YeHHA = 930=@eKTHBHOCTH UCTIOJIb3yeTCA 
akycTukKa, a B paOdote [8] fa onTuMU3allun 
CHCTeMBI ylaBJIMBaHHur rasIbBaHuuecKHx 
axpo3oen MpesaraeTca JOMOJIHUTb e€ CHCTeEMON 
yupaBleHua (oOpMHpoBaHveM  jJIMHaMM4YeCKON 
IICHBI. 

YcTpoucTBa HU CHCTeMbI HaMOBepXHOCTHOTO 
9IEKTPOYyIaBIMBaHHA TasIbBaHuuecKux 
axpo3o0eH, B KOTOPBIX yaBJIMBaHve KallesIbHOrO 
yHoca OCYIIe€CTBIIAeTCA B HelMOcpesCTBeHHOHM 
OJIM30CTH K HOBEPXHOCTH 3epKasla IICKTPOIMTA C 
TOMOMIbIO 3JIEKTPH4YeCKOrO TOA,  ABIIAIOTCA 
HawvOolee MepcieKTHBHbIMH B pellleHHu 9TOM 
mpoOsmempl [6]. 

IlononHeHHve HHMOPMAaLMOHHOLO OOectIeuyeHHA 
110 STOMY BOIIpocy, a Tak 2%*Ke, OOecIIeYeHHe HOBBIX 
KOHCTPYKTUMBHBIX pelleHuH TO MpeosONeHHIO 
OKCIIyaTalMOHHBIX TPYAHOCTeH,  MO3BOJAeT 
JOOUTBCA 3HAYUMTEJIBHOTO ycnexa B IKOJIOFN3allHu 
TasIbBaHHYeCKOLO IIpOU3BOACTBA. 

IlocraHosBKa aKcHepHMeHTa u 
MOJleJIMpOBaHnHe. Moyemupospannue 


9PMeKTHBHOCTH BICKTpOyNaBIMBaIOlMleh AYeMKU 


OblIO  BbINOJHEHO MeTOXOM IWIaHHpoBaHus 
9KcHepuMeHta [9]. 

B pe3yJIbTaTe uccIeqOBaHun Oblia 
pa3pad0oTaHa MeTOMKa W3MepeHuA 


QIIEKTPHYECKOLO B3apaya Kaleb, OOpa3syrOlIMxcA 
IIPH pa3pbiBe OAMHOUHOLO OapOoTarxKHOro y3bipA 
Ha moBepxHoctu oeKTpomuta [10]. Jlannas 
MeTOJIMKa IO3BOJIACT MOJY4UTbh BEUIMYMHY 3apssia 
Kalli B PYHKI[MM OT ee MaMetTpa. 


VUcxoqa U3 NOUYYeHHOK BeIMYMHEI 3apaya 
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~ 
electroplating shops has not received a clear 
solution. Electroplating processes are of 
particular danger as due to technological 
requirements there is an open mirror of the 
electrolyte [2]. Now a lot of information about 
drop ejection in the galvanic plant have been 
accumulated [3, 4] and new useful models have 
been developed [5]. For example, in the 
construction [6] to increase capture efficiency 
the thermodiffusion effect was used, in the 
process of work [7] acoustics is used as an 
means of 
the work [8] for 


optimization of the system for galvanic aerosols 


additional increasing the 


effectiveness, and in 


capture the control system for dynamic foam 
development is proposed as a supplement. 

Devices and systems of above-surface 
electronic capture of galvanic aerosols, in 
which the collection of droplet entrainment is in 
close proximity to the mirror surface of the 
electrolyte using an electric field, are the most 
promising solutions to this problem [6]. 

The completion of information provision on 
this issue, as well as, providing new design 
solutions to Overcome operational constraints, 
makes it possible to achieve considerable 
success in the greening of electroplating. 

Experiment and modeling. Efficiency 
modeling of electro capturing cells was 
performed by the method of experiment 
planning [9]. 

As a result of this research the authors have 
developed a method of measuring the electric 
charge of drops formed by the breakup of a 
single bubble on the surface of the electrolyte 
[10]. 


magnitude of the charge of a drop as a function 


This technique allows obtaining the 


a: ee 


y 


7 a ff ~* PNTFEABANMA 


. f DTADQOTOUEL 7 
0 / / UO JA 0 / 


of Technogenic and Natural Systems 





KalWIM, WOABIACTCH BO3MOKHOCTh paCC4NTaTb 


OCHOBHBIe lapaMeTpbI IIpOcTevwIwMx 
QIIEKTPOYIAaBJIMBarOINMxX CHCTeM, BBbIIIOJIHCHHEIX B 
BHUe WapasIesIbHbIX TJIOCKHX 9JIEKTPOOB C 


YepeTYFOM[eNCA MOJIAPHOCTBIO. 


HanOonee mpocrow MeTox onpeyenenua 
9deKTHBHOCTH JaHHbIX  YyCTpOuMCTB — 
"TpaeKTOpHbIM MeTO",  3aKJIIOUaIOWIMMCA B 


onpeyeueHuu TpaeKTOPUH JIBYXKeCHHA OTJICJIBHOU 
KallIw cC 3a]aHHbIMM pa3MepaMu, Maccon HU 
HavasIbHOH 


CKOPOCTBIO, JIBVDKYIIenca B 


QJIEKTPH4eCKOM T10JIe, CO3TaHHOM MexXK/ly 
TWwIacTHHaMu. 
IIpu0smKaich)—=soiK 


PpeasJIbBHbIM YCJIOBHAM 


TasIbBaHwueCKOM BaHHbl, T.e. YUIHTbIBAA TIpHu 
MOJICJIMpOBaHHu TIpolecca sIeKTpOyaBIMBaHHA 
Haym4uMve OJHOBPCMeHHO HECKOJIbKUX KAalleJIb 
pa3Horo yIMaMetpa, CIeJOBasIO HauTu 
3aBHMCHMOCTb 3apsyja Kalleyib OT HX pa3zMepa. 
Yka3aHHad 3aBMCHMOCTb Oblwia HaliyeHa MyTeM 
cTaTucTHYecKOH OOpadoTKH MaCCHBOB JaHHbIx 
3apaya WU MaMeTpoB Kaleb. B  pe3ysbTaTe 
mouyueHa cTeneHHad (MyHKUMA Bua g=ar’, 
KOTOpad MpWHATa B KayeCTBe OCHOBbI JIA 
cTaTucTuyeckoro MoyemMpoBaHna [11, 12]. 
IlepBoHaualbHO WIA MOeuMpoBaHua Opa 
IIPHHATA TOPU3OHTAIbHad WICKTPOYIaBIMBArOlaAr 
s4uenika. B kayecTBe HCXOZHBIX J@aHHBbIX OBbIIO 
IIpHHATO, 4YTO B IIPOCTpaHCTBO Mexy JBYMA 
BeEPTHKaIbHO paciOIOX%KeCHHbIMM — TIJIOCKHMU 
QIEKTpOaMu TOCTyMaeT MaccCHB JIBYDKYIIMXcA 
TOPH3O0HTAIbHO Kallesib CyYaMHOrO JWMamMetTpa co 
CYYaMHbIMU HAavaJIbHbIMU KOOPAMHaTaMu. 
UcxonHoe 4ucyIO Kaleb 3aaBayIOCcb B 
mpeyenax oT 50 yo 200, HayanbHad CKOpOCTB 
Kaleb IpWHWMaslacb paBHOH ycpeqHeHHOU 
CKOpOCTH BeHTHIAWMOHHOrO TOoTOKa — 0,03 — 
0,15 m/c. HanpsxxeHHOCTb DIeEKTpH4ecKOrO MOJA 
MexK]Y WiacTHHaMH BapbupoBasIM B Ipeyemax 
110 + 5,510 Bm. Jina 


Hallps9xKeHHOCTH TOJIA ObIO TMpeswyCMOTpeHO 


3HAYCHHA 


OrpaHvyeHve HallpsxKeHHOCTBIO Tpood0s cyxoro 
BO3qyxa pu EL = 3-10° B/u. IIpu moyzemmpoBanun 
BeIM4NHA 3apAa Kalu OMmpesesAach UCXO]A 3 
BbILe 3aBMCHMOCTU 


? b 
IIpuBeeHHOU q=ar , 


TOJyYeHHOH pw craTucTHyeckow oOpadoTKe 
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of its diameter. 


Basing on the charge magnitude of a drop, it 
is possible to calculate the main parameters of 
the simplest electro capturing systems, made as 
parallel flat electrodes with alternating polarity. 

The simplest method of effectiveness 
determining of the devices is_ "trajectory 
method", which means the determination of an 
individual drop trajectory with desired size, 
weight and initial velocity, moving in an 
electric field created between the plates. 

Approaching the real conditions of the 
galvanic bath, i.e. taking into account in the 
simulation of the electro capturing process the 
simultaneous presence of a few drops of 
different diameters, it was necessary to find the 
dependence of drops charges on their size. This 
dependence was found by statistical processing 
of the data about charges and diameters of the 
drops. The result is a power function of the 
form g=ar’, which is accepted as the basis for 
the statistical modeling [11, 12]. 

Initially, electro capturing horizontal cell 
was used for modeling. It was accepted that an 
array of horizontally moving drops of random 
diameter with random initial coordinates are 
entering the space between the two vertically 
spaced flat electrodes. 

The initial number of drops was set in the 
range from 50 to 200, the initial velocity of the 
drops was taken equal to the average speed of 
the ventilation flow — 0.03 — 0.15 m/s. The 
electric field intensity between the plates varied 
in the range of 1:10° + 5,5-10° V/m. For electric 
field intensity values the limitation of the 
breakdown field intensity of dry air at E = 3-10° 
V/m was set. At the simulation the magnitude 
of the drop charge was determined from the 
above mentioned dependence g=ar’, obtained 
by statistical processing of the array of 
with high 


experimental data correlation 


coefficient [4]. 
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MaCCHMBa ~ OIIBITHbIX aHHbIX C  BbICOKHM The nature of drops motion was observed on 
KOs@MuuUMeEHTOM KoppesauHH [4]. several trajectories (Fig. 1), which were 

XapaktTep JBWKeHHA Kaleb HadsmOAaIM 10 displayed on the display screen. At the same 
HECKOJIBKUM TpacKTOpuAM (pvc. 1), KOTOPbIC time the graphical dependence of the total 


BbIBOJMWIMCh Ha 9KpaH WMciIed. OJHOBpeMeHHO _ : 
‘ pen OnHOBp capture efficiency of drops in function of the 


paccuuTbIBalach UU BBbIBOWMIAaCh Ha 9KpaH 
Trpaduyeckar 3aBHCHMOCTB CyMMapHon 


initial coordinates were calculated and 


displayed on th Fig. 2). 
9PMeKTHBHOCTH yYaBJIMBaHHA Kallesb B PYHKUMU isplayed on the screen (Fig. 2) 


. The total efficiency is determined by the 
HavasIbHOM KOOPMHAThI (puc. 2). 


formula: 
CymMMapHaa 9@MeKTHBHOCTh OMpeyesaacb 10 


(bopmyyie: N=(™mM0 -IM npox \/ Mo 


where mo 1s the mass of all the drops in the 
array (all the water drops trapped in the electric 
field between the electrodes), Mypox — weight 
of the drops which did not fall on _ the 


N=(™Mo0-Mnupox)/Mo 
rye Mo — Macca BCeXx KalleJIb MaccuBa (BCex 
KalleJIb, HOMABIMIMX B IICKTPH4eCKoOe MOI MEK 














QJIEKTPOaMH), Mnpox — Macca KalleJIb, He 
HOWaBWIUX Ha 3ICKTPOBI. electrodes. 
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Fig. I. View of the electrolyte drops trajectories 
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Puc. 2. Ppaduk cymMMapHoi 9)eKTHBHOCTH y1aBJIMBaHHA Kallesib 


Kak (PYHKILMU OT KOOP MHATHI 


Fig. 2. Graph of an overall efficiency of drops capture as a coordinate function 


Ocu aOciuncc Ha rpadukax TpaeKTopui WosetTa 
Kaleb UW 9%9P@eKTHBHOCTH yilaBIMBaHuaA Ha 


pucyHkax | wu 2 cCOBMeIIeHbI WIA Oosee 
Hara {HOU JEMOHCTpalluun XapakTepa 
yiaBJIMBaHHaA B  YTOPH30HTaIbHOM sAYeMKe. 


Hatrpumep, Kak BHJJHO U3 pUCyHKoB | u 2, TaM, 
rye TpaeKTOpHu KacaroTcd mpaBow TpaHuiisl 
9NeKTpoya, XPMeKTHBHOCTh JOCTHTaeT 3HaYeHHA 
0,8. 

Tpadbuku crpousmcb O7MH Hay ApyrumM c 
OJMHAKOBLIM MacllTaOoM HO ocH aOclivcc, 4TO 
MO3BOJIAJIO COBMeIaTb XapakTep yJaBJIMBaHHA, 
BHAMMBbIN U3 TpaeKTOPpHH, C COOTBETCTBYIOIIMM 
XapaKTepoM W3MeHeHHA 3ddeKTHBHOCTH 
yaBJIMBaHHA Kaliesib. 

Ha oOcHOBaHMH TMOJTYYeCHHbIX JIaHHbIX ObIIa 
cocTaBlieHa TaOJIMIla WCXOJHbIX JjaHHbIX JIA 
MHOrOMaKTOpHOrO 9KCIepHMeHtTa (Taods.1), B 
KOTOPYFO 
3HayeHua 3(deKTHBHOCTH HW KOOPAMHATHI TIpU 


BKJIFOUCHBI COOTBCTCTBYFOHMIHE 


3aJJAHHbIX HATAJIBHBIX YCJIOBVAX. 
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The x-axis in the graphs of drops trajectories 
and the efficiency of capturing in figures 1 and 2 
are combined to show the nature of capturing in a 
horizontal cell. For example, as it can be seen 
from figures | and 2, where the trajectories touch 
the right edge of the electrode, the efficiency 
reaches a value of 0.8. 

Graphics were built one above the other with 
the same scale on the x-axis, which allowed 
combining the nature of capturing visible from 
the trajectories, with the corresponding changes 
of the drops capture efficiency. 

On the basis of the obtained data the source 
data table for a multi-factor experiment was built 
(table.1), which includes the corresponding 
values of the efficiency and the coordinates with 


given initial conditions. 
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Taomuua | 
Table 1 
UcxoyHble JaHHble MHOrodakTOPHOrLO 3KCIepHMeHTa 
Multi-factor experiment source data 


he ue 0,15 


E, — M 


a 


Vo, M/C 0,22 
m/s 
E, KB/M 
kV/m my 


Vo, M/C 0,19 
m/s 
E, B/m 
kV/m = 


3mecb Vo, (M/c) — CKOpOocTb Kaleb B Here Vo (m/s) is the drops’ speed in the 
HalipaBsieHun ocu x; E, (KB/M) — Halips»KeHHOCTB direction of the x-axis; E (kV/m) - electric field 
QIEKTPHYECKOTO MOJIA BOJIb OCH ¥. intensity along the y-axis. 

C welbro onpeyzeneHua KOIMMHIMeHTOB To determine the coefficients of regression of 
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perpeccHOHHON 3aBUCUMOCTH Bua: the form: 
Q= Bot B,:-Vo+b2-E+B63:X+B4:Vo-E+ Q= Bot B,:-Vo+b2:-E+B63:X+B4:Vo-E+ 
Bs-Vo:-X+Bo:E-X+B7-Vo-E-X Bs-Vo:X+Bo:E-X+B7-Vo-E-X 
BbIIOJIH€H perpeccnoHHbIi aHasin3, we performed regression analysis, 
Pe3YIbTAaTbI KOTOPOLO NpuBeeHbI B TaOsMIe 2 the results of which are shown in table 2 
Taodmuia 2 
Table 2 


Pe3ybTaTbI perpeCCHOHHOLO aHasin3a 3aBHUCUMOCTH HN=f(V0,E,X) 
The results of the regression analysis of the dependence of n=f(V 0, E,X) 


Kosdduunex- BsIBOX O 
Kosddunnex- TBI JA PacyeTHbIM | 3HadMMO- 
TbI POPMYLJIbI (DOpMYJIBI KpuTepun CTH 
perpeccuu KOXMpOBaHHbI | CTbroyjeHTa™ The 
Regression X (aKTOPOB Student conclusion 
formula Coded factors design on the 
coefficients formula criterion* importanc 
coefficients 


e€ 
0,301 1,632 Het -19,46 JIucnepcus 

No HaOFOeHuH 

Observation 
dispersion 


®) _ oy) — 179,21 5 =0.066 
ne 


Bade 124 Baal JIucnepcua 
ayJjeKBaTHOCTU 
Performance 
ae 


Kood@duiventsl 
Ta POPMYJIbI 
UCTMHHbIX 


AJIeKBaTHOCTb 
Moen 
Adequacy of 
model 


(paKTOPOB 
Coefficients for 
the formula of 
the true factors 











0, -_ 524 — | Sad =0,0023 ~0,0023 
2 es 
-4 Rill 41 a J\a all 33 PacueTHbIi 
- KpuTepuu 
Outlepa 
Fisher design 
criterion 
| 861 = | vs 4705 il | 29,64 


a es 
Mell 123 7 Mail J\a a 8] etal 
Yes KpuTepuu 
Mutlepa 
Fisher table 
criterion 
a ae a ee 
Yes 


*TaONM4HbIN KpuTepui Crproyenta ft (0,95) =1,95 
* Student design criterion t (0,95) =1,95 
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Puc. 3. UnsrocTpaiua ayeKBaTHOCTH JJAHHBIX, MOJIYACHHBIX C MOMOMIbIO perpecCHOHHOM MOE 


(JIMHMM) MW SKCIIEPHMCHTAJIBHBIM IYTeM (KpecTHKH) 


Fig. 3. Illustration of the adequacy of the obtained data using a regression model (lines) 


and by the experiment (crosses) 


BbIBOJbI 10 pesyIbTaTaM perpeccHOHHOro 
aHaJIn3a: 
1. V3 Bcex BO3MO%KHBIX KOSMMHIMeHTOB 


IIpHBeJJeHHOU (DOpMYJIbI OOJIbILIMHCTBO 
KOIPMHUMEHTOB = OKa3aIMCb CTaTHCTHYeCKU 
3HauMMbIMU Cc BeCPOATHOCTBIO 0,95; 
He3Ha4uuMbIMU OKa3aJIUCb CBOOOJIHBIM 
koomd@uuneHtT U kKoIMdulueHt daktopa EL — 
Halips2KCHHOCTB. 


2. Ilpamoe BiauaHHe Ha 9deKTHBHOCTh 
YIaBIMBaHHA OKa3bIBalOT 3HAaYMMble (aKTOpbl — 
Vo, X WwW B3aNMOneNMCTBHA E-X U Vo-b-X 


OOpaTtHoe sBiMAHHe Ha  90@eKTHBHOCTb 
yYIaBJIMBaHHA OKa3bIBaloT (akTopbl — Vo-E u 
Vox. 


3. HanOonbmiee BIMAHHE OT ZeHCTBHA 
OTJeIbHOrO (bakTopa uMeeT dakTOp Vo. Cpenu 
B3aMMOJIeEHCTBUM HanOosbiee BJIMAHHE 
OKa3bIBaeT B3aHMOJIeEHMCTBHeE Vo~-X-E. 

4. Mogemb ayeKBaTHO OMMChIBaeT IIpormecc 
yaBJIMBaHHA KalleJIb TOPH3OHTAIbBHOU AYeCHKON, 
TaK KaK paCueTHbIN KpuTepun Dulllepa oKa3asica 
NO4TH B 10 pa3 OobIIe TAOUTMYHOTO. 


buo0smMorpamuyeckuh CNMCOK: 


The findings of the regression analysis: 


1. Of all the possible coefficients of the 
formula most of the coefficients were statistically 
probability of 0.95; 


insignificant turned out to be a free factor and 


significant with a 


factor coefficient & — intensity. 

2. Direct impact on capture efficiency have 
significant factors — Vo, X, and interaction E-X 
and Vo:-E-X. The opposite effect on the capture 
efficiency have factors — Vo-E and Vo-X .. 

3. The greatest impact from the effect of a 
particular factor has factor Vo. Among the 
interactions the interaction Vo:X-E. has most 
significant influence. 

4. The model adequately describes the process 
of drops capturing of the horizontal cell, as Fisher 
design criterion turned out to be almost 10 times 
more than the table one. 
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HYMOOBPASOBAHUA MOCTOBbIMU 
KPAHAMA B ITPOH3SBOACTBEHHOM 
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Ilembro §=9padoThl§ = =6aABUIAeTCH }§©=96 TeOopeTH4eCKOe 


UCCIICHOBAHHVC IWMpOUueCcCOB IyMooOpa30BaHHua, 


CO3qaBaeMbIX OOMleH aKKyCTHYeCKOH CHuCTeMOn 


MOCTOBBIX KDpaHOB B IIPOH3BOJCTBCHHbIX 


TIOMEIINCHHAX. B padoTe IIPUBe CHB! 


aHaJIMTHYeCKHe 3ABUCHMOCTH YPOBHeH 3BYKOBOrO 
MecTax 


aBsleHua Ha padSounx 


IIPOH3BOACTBCHHOTO Il@pCOHaJla. BpipaxkeHua 


OKTaABHbIX ypoBHeu 3BYKOBOTO AaBsICHUA 


YUIHTbIBAFOT aAKYCTHAICCKHE XapakTCpuCTUKN 


OCHOBHBIX HUCTOUHHKOB CaMHX kKpaHOB UH 
TapaMeTPBHI MpOU3BOJCTBeEHHOTO MOMEeIIeHHA. 

IIpu sBbrBoye TeopeTM4ecCKuxX 3aBHMCHMOCTeH 
MCIOJIb30BaHbI OCHOBHbIe MeCTObI TeEXHH4eCKON 
BHOpoakycTHKH.  Pe3yibTaTbI UCCIeOBAaHuA 
ABJIAFOTCA OCHOBOM JIA BbIOOpa WHKeCHeEPHBIX 
pemleHui m0 oOecleyeHHIO CaHHTapHbIxX HOPM 


HtyMa B IIpOH3BOUCTBCHHbIX TOMCINCHMAX. 


K1o4ueBbie CJIOBa: MOCTOBbIC KpaHblI, IyM, 
BHOpallHA, IpOU3BOJCTBeHHOe MOMelleHHe 


Bpenenne. Mocrospsie kKpaHbl ABIIAKOTCA 
THIMYHbIM OOOPyOBaHHeM IIPpOH3BOJICTBCHHBIX 
I[CXOB, OTKPBbITBIX HM 3aKPBITbIX CKIaOB. OH 
MOIryT CHaO2#KaTbcA 


UMCTb KDPIOK WJiM 


Tpeiepamu, Tpy30BbIMH 3%ICKTPOMarHuTaMH, 
KyleijaMH, JIalaMu WM ApyrMMu ciielMasIbHbIMu 
Tpy303aXBaTHbIMH ycTpolicTBamu. HeoOxoaumMo 
OTMETHTb, 4TO OOJIBIIMHCTBO HCCIeqOBaHHuu 110 


Oe30NacHOCcTH KpaHOB OTHOCHTCA K WU3YUICHUEIO 


° S-jyournal.ru 
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The aim of this work is a theoretical study of 
noise emission processes created by total 
acoustic system of overhead cranes in production 
paper 
dependencies of sound pressure levels at 


areas. The provides analytical 
industrial personnel workplaces. The expressions 
of octave sound pressure levels take into account 
the acoustic characteristics of the main sources 
of the cranes themselves and the parameters of 
the production premises. 

In the derivation of theoretical dependencies the 
main methods of technical vibroacoustics were 
used. The results of the study are the basis for 
selection of engineering solutions to ensure 


sanitary norms of noise in industrial areas. 


Keywords: overhead cranes, noise, vibration, 
production area 


Introduction. Overhead cranes are typical 
equipment of production workshops, outdoor 
and indoor storages. They may have a hook or be 
supplied with grabs, lifting magnets, jaws and 
claws and other special gripping devices. It 
should be noted that most studies on cranes 
safety are the studies of violations of the 


conditions of operation, malfunction of technical 





HapylleHun yCJIOBHU SKCIUIyaTallnn, 


HeUCIIpaBHOCTu TeXHH4eCKHX YCTPOHCTB, 
yemoBeyeckomy daxtopy [1-4]. [pumenutesbHo 
K  BHOpoakycTH4ecKHMH xXapakKTepHcCTHuKaM 
MOCTOBBIX KDPaHOB BbIIIOJIHCHbI UCCIeOBaHuA 
CIeKTPOB IlyMa B KaOuHax Ha paOouHx MecTax 
KpaHoBIMKoB [5—7]. DakTu4ecKH He W3y4aJIMCh 
akyCTHW4ecKWe XapaKTepHCTHKH, CO3aBaeMBIe 
MOCTOBBIMUM KpaHaMl BHYTPH MpOW3BOACTBCHHBIX 
moMemeHuw. K kpaHaM oOllero Ha3HayeHHA 
OTHOCATCH: KPFOKOBbIC, MarHUTHbIle, rpetidepHsIe 
u MarHUTHO-rpenepHBble. KproKoBple 
OWHOOANIOUHbIe KpaHbl (KpaH-OalIKH) MMeIOT B 
KayecTBe Ipy30BOH TelexKKU 


OcoOyro 
MeTaJUuIypruueckue 


CaMOXOJIHY}O 


rpynity 
MOCTOBBIC 


QJIEKTPUYeCKYIO Talib. 
IIPCCTABIAFOT 
KpaHbl (B TOM YHCIIC KPIOKOBbIe HW 3aKaJIOUHBIc). 
I py3010JbeMHOCTb MOCTOBBIX KpaHOB JIOCTHTaeT 
5-10° H, mponersr WoxoasT WO 50-60 Mm, BpIcoTa 
noybpema wo 40-50 mM 4k, B- CrelMasbHbix 
ucnomHeHuax, WO 500 m. CkopocTu BYwKeHuA 
COCTABJIAIOT: TlepeqBu2xKeHHe MocTa — O,5—3 M/c; 
Tepe BWKeHHA TelexKH — 0,17—1 M/c; nozbemM 
Ka0Onua 


rpy3a go 1 = mM. KpaHoBluka 


paciiojlaraetch y kKpad MoctTa, pexe — 


ocepeyuHe, a pw HeoOxXoyqHMOCTH TOUHON 


paOoTbl — Ha rpy30BOH TesexKKe (puc. 1). 








tf 


AL 





$ Y, 
i! 


( tH 








human factor [1-4]. 


devices, 


In respect to 
vibroacoustic characteristics of bridge cranes the 
studies of noise spectra in the cabins at crane 
operators’ workplaces are conducted [5-7]. In 
fact, the acoustic characteristics generated by 
overhead cranes inside industrial areas were not 
studied. The cranes of general purpose are: hook 
cranes, magnetic cranes, clamshell cranes and 
magnetic-clamshell cranes. Hook single-beam 
cranes (crane-beams) have mobile electric hoist 
as trolley. A special group is metallurgical 
bridge cranes (including hook and hardening 
ones). Overhead cranes capacity reaches 5 10°, 
the spans are up to 50-60 m, lifting height is up 
to 40-50 m and, in special designs it is up to 500 
M. Speed of motion is: the movement of bridge 
is 0.5—3 m/s; the movement of trolley is 0.17 - 1 
m/s; the lifting of loads is up to 1 m/s. Crane cab 
is located at the edge of the bridge, less 
commonly — in the middle, and for precise 


work - on crab (Fig. 1). 





Puc. 1. Cxema moctosoro kpaHa: |— kaOnua, 2 — NyIbT yiipaBsieHuA 


Fig. 1. Overhead crane scheme: I— cabin, 2 — pendant 


[py30Bble TeslexKKH TUX KpaHoB (puc. 2) MMeIOT 
OHH WIM Ba MexaHv3Ma T0JIbeMa HW MeXaHH3M 
TlepeIBMXKeHUA. 


° a 


Oourna 


Load trolleys of these cranes (Fig. 2) have one or 


two lifting mechanism and __ travelling 


mechanism. 





A) 


Puc. 2. CxeMa MexaHH3MOB TeJsIexKeK MOCTOBBIX KpaHosB: | — pexyKTop, 2 —TopMo3, 3 — JBUraTeJIb 





MeXaHi3Ma I0]/{beMa rpy3a, 4 — Oapadan, 5 — TOpMO3 MexaHu3Ma IlepeMellleHua, 6 — JBHTaTesIb MeXaHH3Ma 





llepemMeimleHua, 7 — Mydta, 8 — kKoulecHas Hapa, 9 — TONOJHUTebHad OMOPa 2%KeCTKOCTU 


Fig. 2. Diagram of overhead cranes trolley mechanism: I — reduction gear box, 2 —brake, 3 — lifting 


mechanism motor, 4 — drum, 5 — travelling mechanism brake, 6 — travelling mechanism motor, 7 — coupling, 


S — wheel pair 9 — additional stiffness support 


K MCTaJLIYprHudeCCKHM MOCTOBbIM KpdaHaM 


OTHOCATCA MYJIbJO-MarHUTHBle, MYJIbJ1O- 
3aBaJIOUHble, JIMTeMHbIe, WIA pa3sqeubIBaHuA 
CJIMTKOB,  KOIONUeBbIe, C  YyiIlpaBJIMeMbIMH 


KulellaMu, MOcaOUHbIe, C JIallaMH, KOBOUHBbIe U 
3akaJIOUHble. Mysibaq0-MarHUTHble KpaHbl MMCHOT 
TeIeKKY C JBYMA TOJbEMHbIMM JIeOeKaMH JIA 
MYJIBJOBOLO 3aXBaTa UH JIA MarHuta. 

MysIb]0-3aBaJIOUHbIe KpaHbl MMCHOT IJIaBH YEO 
TeIeKKY C HOABeECOM XOO0OTa Cc MYIbyON Ha 
KOJIOHHEe HU BCIIOMOraTeIbHyYHO KDPIOKOBYFO 
TenexKy. I laBHad TellexKKa KpaHa COCTOHT H3 
JIBYX OCHOBHBIX 4acTeH — BepxXHeH HM HKHeH. 
Ha pamMe BepxHeH 4aCTH TesIexKKU PacnOJIOXKeHbIl 
MeXaHW3M Tepe BYDKeHHA, BpallleHHA HU MOtbeMa 
KOJIOHHbI. HWKHAA YaACTb TeJIexKKH COCTOUT U3 
KOJIOHHbI, Ha HWKHEM 4WacTH KOTOPON 3akpernsieHa 
kaOuHa yupaBIeHHA HU WOBellIeHa paMa xoOoTa c 
Me€Xa@HH3MOM BpallleHua WU KayaHuaA xooOoTa, U 
MeXaHWi3Ma 3aMbIKaHHA MYJIbIBI. 

JIuTeviHbIe 


KpaHBl (3aJIMBOUHBIC u 


pa3JIMBOUHBIe) MMeIOT T1aBHy!O u 
BCIHOMOTraTeJIbHY!0 TeJICKKU. 

I 'py30MO2beMHOCTb TaBHOrO TObeMa KpaHa 
OpeesIAeTCA BECOM CTaslepa3IMBOYUHOFO KOBIIIA, 


HallOJIHCHHOTO MCTaJIIOM, a BCIIOMOTAaATCJIBHOTO 
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Metallurgical overhead cranes are charging 
box-magnet cranes, turnaround charging cranes, 
pouring cranes, ingot-stripping cranes, pit 
cranes, block cranes with controlled claws, forge 
and hardening cranes. Charging box-magnet 
cranes have a trolley with two lifting winches for 
a charging-box holder and a magnet. 

Turnaround charging cranes have a trolley 
with carrier arm with charging box on the 
column and a support hook trolley. The main 
trolley of the crane consists of two main parts — 
upper and lower. There is traveling mechanism, 
mechanism for rotation and columns lifting on 
the frame of the upper part of the trolley. The 
lower part of the trolley consists of a column, on 
the bottom of which the control cab is fixed and 
the frame of the arm with a mechanism for 
rotation and arm swinging is suspended, and a 
charging-box locking mechanism. 

Pouring cranes (pouring and casting) have a 
main and a support trolley. 

Lifting capacity of the principal load lifting 
of the crane is determined by weighing the steel- 
pouring ladle, filled with metal, and of the 
auxiliary load lifting — the weight of empty 


a 





Tl0]{beMa — BeECOM IOpOKHELO KOBIIA. 

TeslexKa KpaHa JIA pa3qeBaHHA CJIMTKOB 
COCTOUT H3 paMbl, yCTaHOBJICHHOM Ha OaslaHcupbl 
XONOBbIX 


Konec. Ha pamMe CMOHTHPOBaHBI 


MeXaHH3MbI TIaBHOrO TOJbeMa, yipaBIeHuA 
Klemen, MpWBOJ, MexXaHW3Ma BBITaJIKMBaHuA U 
MeXaHH3M IIepeMeleHHA. 

Konoymesbre (KuIeljeBbIe) KpaHbl UMerIOT 
BePTUKAJIBHbIM KJICM[CEBON 3aXBaT, TPH MOMOIIM 
KOTOPOrO 3aXBaTBIBaIOTCA HW TpaHCHOpTupyroTca 
CUIMTKN. 

Kpaubi c JlamaMu MMeIOT rpy30By!I0 TpaBepcy Cc 
yIpaBJIACMbIMH (OTKIIOHAIOWIMMNCA) JlalaMu 
YacTO C Ipy30BbIMH 3JIEKTPOMarHuTaMy. 

KpaHpr c yipaBsIteMbIMM KIewlaMu JIA 
900°C) u 


XOJIOQHBIX CJIMTKOB MMeHOT TesIexKKYy (puic. 3) c 


TpaHCnOpTHpoBKH rops4ux (0 


IOBOPOTHOH BepxHeH u4acTbIO, Ha KOTOpPOH 


CMOHTUPOBaHbl MeCxXaHW3MbI HWOHbeMa Gt 


ylipaBsleHHa KilejaMu. 
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bucket. 
Ingot-stripping crane trolley consists of a 


frame mounted on balance-beams of running 
Wheels. On the frame are mounted the 
mechanisms of the principal load lifting, jaws 
control, pullback mechanism drive and traveling 
mechanism. 

Pit cranes have a vertical grip, with the help 
of which ingots are picked up and transported. 

Claw cranes have a lifting beam with 
controlled (swinging) claws and often with 
lifting electromagnets. 

Cranes with controlled jaws for transporting 
hot (up to 900°C) and cold ingots have a trolley 
(Fig. 3) with a revolving upper structure, on 
which mechanism for lifting and jaws control is 


situated. 
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Puc. 3. Cxema pacnoulox*KeHiaA MCXaHH3MOB Ha TesIexKKe KpaHac yipaBsIAeMbIMH KIellaMu 


Fig. 3. The scheme of mechanisms on trolley of crane with controlled jaws 
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KoBouHBIe KpaHbl UMCroT JBC TCOKKH — 


TJIaBHYF0, C PaCHOJIO27KCHHbIM Ha KPrOKe 


KaHTOBaTeJIeM Jit WOBOpOTa OKOBKH, 4U 
BCIOMOraTeJIbHyFO — KPIOKOBYI0 (puc. 3). 

3akasIOUHble KpaHbl OTIIMYAIOTCA OT HOPMAJIbBHBIX 
KPFOKOBBIX KpaHOB OCOObIM MeXaHH3MOM IIOJibeMa, 
TO3BOJIAFOIIMM OCYIICCTBJIATb S3HAYHTeJIBHYIO HU 
paBHOMepHY!0 CKoOpocts ciiycka (B 6—10 pa3 OosbIIe 
CKOpOcTH OjJfbeMa), OJMHAKOBYIO JUIA Ipy30B 
pa3HOro Beca. 

Hecmotps Ha Oosiblloe pa3sHooopa3ve THIIOB U 
KOHCTPyKUMH BbIIMIeCOMMCaHHbIX KpaHOB, OL[eHKa 
CO3aBaeMbIX HMM aKYCTH4eCKHX XapaKTepHCTHK B 
IIPOH3BOJCTBCHHBIX TOMCIIICHHAX MO%KeT OBITS 
BbINOJIHeHa C CXMHBIX MOSHI. 

AHasIv3 


BbITCJIMNTb 


KOMIOHOBOK  KpaHOB 


(bopmupyromle 
akyCTW4ecKHWe xapaKTepHcTuKH B KaOWHax Ha 


WOSBOJIACT 
HMCTOUHWKH =LTYMa, 


paOouMx MecTax KpaHOBIMKoB. Bce McTOUHHKH 
MO?KHO pa3JeIMTb Ha 3 rpyriiisl. 

|. BuyrpenHve UcTOuHHKH — MUCTOUHMKN, 
pacriosIOxKeHHbIe BHYTPU KaOuH UW W3sTyyarOlle 3BYK 
B 3AMKHyTOe IIpocrpaHcTBo. K 3THM HMCTOUHHKaM 
OTHOCATCA BCHTWJIATOPbI MW KOHMIMOHEpbI. ITU 
MCTOUHUKH TIpvcylM BCeEM THMaM KpaHos. 

2. BuHellmHve MCTOYHHKY BO3YyIIHOrO UryMa. K 
PeAyKTOpbI 
Me€Xa@HH3MOB I10jJibeMa UH MepeMelleHuA WpakTH4eCKH 


HMM OTHOCATCH: jBuraTemm U 
BC€X THHOB KpaHOB, a TakKoKe ITyYMOBOM MOH B 
IIPOH3BOJICTBCHHBIX TOMeIIICHHAX OT PpadoTarFOLero 
oOopyOBaHHA WU 3BYKOBOe V3JIy4eHHe pelibc pH 
BWwKeHHM =KpaHa. OTH MUCTOUHHKH HanOoree 
XapaKTepHbI JIA MOCTOBbIX KpaHoB. KaOuHbl 39TUX 
KpaHOB HaxOJIATCA B HeMOCpeCTBeHHOM OM30CTH 
OT Me€XaHH3MOB IIObeMa, IIepeMelI[eHHA HW PeJIbCOB, 
TIO KOTOPBIM MepeMellarOTCA MOCTOBBIe KpaHBl. 
VUictouHuKOM BHeIIHerO BO3J,yYIIHOrO-—- ITyMa 
ABJIACTCA TaKKe UW WIYMOBOH (oH. ITH AUCTOUHMKU 
ABJIAIOTCA JIOMMHMPYIOWIMMU Jia OallleHHbIx 
KpaHoB, Y KOTOpbIX KaOHHa paciioloxKeHa Ha 
JOCTaTOYHO OOJIbINIOM paccCTOAHHM OT MeXaHH3MOB 
TI€peMeleHHA UM Obema. 
3: UctouHuku CTPyKTypHOro liryMa, 
BO3OyKTaolMe BHOpalMH 3IeMeHTOB KaOWH IIpu 
TBYKeHMM. OTH WCTOUHHKM xXapaKTepHbl JA 


MOCTOBDIX KPaHOB. 


° S-jyournal.ru 


Forge cranes have two trolleys — the main one, 
with the located on the hook tipping device to rotate 
forgings and the support trolley — the hook one (Fig. 
3). 

Hardening cranes are different from normal 
hook ones by a special lifting mechanism 
permitting substantial and uniform descent speed 
(6-10 times greater than the speed of lifting); it is 
the same for loads of different weights. 

Despite the large variety of types and designs 
of the above-described cranes, the assessment of 
produced by them acoustic characteristics in 
production areas is quite the same. 

The analysis of cranes configurations makes 
it possible to identify sound sources that form 
the acoustic characteristics in the cabins at crane 
operators’ workplaces. All sources can be 
divided into 3 groups. 

1. Internal sources — sources located inside 
the cabin and emitting sound in an enclosed 
space. These include fans and air conditioners. 
These sources are common to all types of cranes. 

2. External sources of air noise. These 
include: motors and reducers of mechanisms of 
lifting and moving of almost all types of cranes, 
as well as background noise in_ industrial 
environments from operating equipment and 
sound radiation of the rail when moving the 
crane. These sources are most typical for 
overhead cranes. The cabins of these cranes are 
situated in close vicinity to mechanisms of 
lifting, traveling and rails, which move overhead 
cranes. 

The background noise is also the source of 
external airborne noise. These sources are 
dominant for tower cranes, in which the cabin 1s 
located far enough away from the mechanisms of 
movement and lifting. 

3. Sources of structural noise, causing 
vibration of elements of the cabin in motion. 


These sources are typical for overhead cranes. 
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CireqyeT OTMeTHTb, 4TO LTYMOBOM (oH B 


IIPOM3BOJCTBeEHHBIX = TOMEeIIICHHAX, —LLTYMOBBIe 
XapaKTepHCTHKH JIBUTaTesIeH UW peYKTOPOB cCyletyeT 
OTHeECTH K CJIy4avHbIM BeJIM4YMHaM, WUMEIOIIIMM 
3HAUMTeJIBH YO BeJIMUMHYy TMcrepcnu. 
Teopetwyueckat OleHKa CIICKTpOB IIyMa TakKiHx 
MCTOYHMKOB TIpaKTH4eCKU HEBO3MO2%KHA B YCJIOBHAX 
IIpequpuATHH-nNoTpeouTesev KpaHos. B 3TOM ciryyae 
JUIA AKYCTHYCCKUX PacdeTOB KaOuH IeecooOpa3Ho 
HCHOJIb30BaTb ~MaKCHMAasIbHbIe OKTaBHbIC YpOBHH 
3BYKOBOTO jaBJICEHHA, MOJyYeHHbIe Ha OCHOBE 
CTaTHCTH4eCKMX JIAHHEIX. 

Vicxoaa 43 aHasIv3a KOMIIOHOBOK KpaHOB MO2KHO 
TIpeMONOXKUTb, YTO WCTOUHHKaMM UX IlymMa 
ABJIAFOTCA PeCJIbCbI, Y3JIbI KOJICCHBIX Tap, Telex*KKa, 
PeYKTOpbI MeXaHH3MOB TObemMa VU TepeMellleHuA. 
Takum oOpa30M, MOJIeuIMpoBaHie 
BHOpoaKkycTH4ecKOM JMHAaMHKU TaMMbl MOCTOBBIX 


KpaHOB MOKCT OLITb BBbINOUHEHO C CXMHbIX 


no3vIMNn. 

3SBYKOBad 9Heprua AKYCTHMYeECKOM CHCTeMBI 
MOCTOBOrO KpaHa W3ly"aeTcad BO BHYTPeCHHul 
BO3JIYINHbIM OObBeM IIPOH3BOJCTBEHHOrO 
MOMeLIeHHA. 


B 9TroM ciy4ae ypOBHH 3BYKOBOrO aBJIeCHHA 
ONpeyeAIOTCA U3BECTHOHK (bopmy0ii (1) [8-9]. 


Lp, = Ly, + 101g (5 + ~), (1) 





4 
Brom 
rye Lp, — ypoBHU 3BykoBoro JaBleHua, Ab; Ly, 
— YypOBHH 3BYKOBOM MOIIHOCTH, U3JIy4aeMon 
MCTOUHHKOM, Ab; r — paccTrosxHWe Mey 
aKYCTHYeCCKUMM ICHTPOM HCTOUHHKAa UW pacueTHON 
TOUKOH, M; Bo. — HWOCTOAHHasd TOMeIeHHA, MZ. 

ocoOeHHOcTeli 


C  yyeromM paciouloxKeHHuA 


MOCTOBBbIX KDaHOB B IIDOMWV3BOACTBCHHBIX 


TIOMeICHHAX 3aBHCHMMOCTB (1) tpuBeyeHa K 
CJI€JLYFOMeEMy BUJLY: 





Lp, = Lw, + 10lg eer +6, (1) 


rae al — cpejHee 3HayeHHe KoodduiMenta 


3BYKONOPIIOUICHUNA IIDOMV3SBOACTBCHHOTO 


TlOMeINeHHA; a u S; — = xoo MUMeHT 
1 1 


IOWA Ib, M2, 


3BYKONOPJIOUNICHHA UY 
COOTBCTCTBYFOMNCrO YIaCTKa WpOHM3SBONCTBCHHOrTO 


TlOMeLLIeCHHA. 
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It should be noted that background noise in 
industrial environments, noise characteristics of 
engines and reduction gear boxes should be 
attributed to random variables having significant 
variance. Theoretical evaluation of the noise 
spectra of such sources is practically impossible 
in the conditions of the consumer. In this case, 
for the acoustic calculations of the cabins it 1s 
advisable to use maximum octave sound 
pressure levels obtained on the basis of statistical 
data. 

Based on the’ analysis of cranes 
configurations it 1s possible to assume that 
sources of noise are rails, wheel sets, trolleys, 
lifting and traveling mechanisms reduction gear 
Thus, 


dynamics of overhead cranes can be made alike. 


boxes. modeling the  vibroacoustic 
Sound energy of the acoustic system of an 
overhead crane is emitted to the internal air 
volume of the production premises. 
In this case, the sound pressure levels are 


determined by the known formula (1) [8-9]. 





Lp, = Lw, + 101g (— +—), (1) 


4 
Brom 
where Lp,— sound pressure levels, dB; Ly, — 
sound power levels emitted by the source, dB; r 
— the distance between the acoustic center of 
the source and the calculation point, m; B,,.,— 
premises constant, m’. 

Having taken into account the place of 
overhead cranes in industrial premises the 
dependence (1) is given by the following form: 





af 

0,15 1—a; 
Lp, = Ly, + 10lg ari + Fal . +6, (2) 
where a! is the average value of absorption 


coefficient of the production premises; a! and S; 
- the absorption coefficient and the area, m’, of 


the area of the production premises. 


| | 





KommoHoBKa MW TeoMeTpHyuecKHe pa3Mepbl 


OCHOBHBIX 9JIEMCHTOB MOCTOBBIX  KpaHOB 
OlIpeeIAIOT BEIOOP MOJeeH HCTOUHHMKOB IlyMa 
MW CBOJIAT UX K CII YFOUIUM. 

J|1A pesibca, OCH KOJICCHOK Mapbl, IIEMeCHTOB 
TesIeKKH, KaK UCTOUHHKOB 


pambl lryMa, 


1jeecooOpa3Ho HCIIOJIb30BaTb IMHeHHbIN 
HCTOUHHK. YpOBHH 3BYKOBOM MOIIHOCTH 93THX 
HCTOUHUKOB OlpeyeAIOTCA Ce YFOUMMU 
3aBMCHMOCTAMH: 

PeIbCbI MH 3JIEMCHTbI PaMbI MOCTOBOTO KpaHa 
(3): 

— pu 0,02f,h,cosB < 1: 
Lw, = 20lgf, + 10lgBh, VS, + cosB + 106; (3) 

—upu 0,02f,h,cosp = 1: 
Ly, = 101gBV,S, + 5lgf,ph,cosB +135. (3.1) 
rye § — yron u3iy4eHua; f, — COOCTBeHHBIe 
yacTOTHI KkoeOaHMi MucTouHuKa, Ty; h, — 
BbICOTa PeJIbCa WIM 3JIEMeCHTa PaMbl MOCTOBOTO 
KpaHa, M; Vi; — coOcTBeHHad 4acToTa KoebaHHit 
ucTouHuKa, M/c; S, — molayb MOBepXxHocTH 
ucTrouHuka, M/c; B — dyHKWMsa, yauTbIBarollad 
pactipeyezieHue cKopocTu KkoNeOaHHi UCTOUHUKAa 
110 ero HOBepXHOCTH, KOTOpad 0 JjaHHbIM 


padotpi [10] npuBeyena k Buy: 
B= [ Vy(z)ei02F Bdz. 
Ocu KouIecHOoH Mapp (4): 
—npu 0,02f,Alo < 1: 
Ly, = 20lgf,Ao + 10lgBV;,lcosB + 120; (5) 
—npu 0,02f,A5 = 1: 


Ly, = Slafx + 15lgAo + 


+101gBV,lcosB + 144; (4.1) 
rye J/|y — QuaMeTp ocH KoJleca, M. 
Kosteca (5): 

Ly, = 201gV, + 101g(0,50, +hy)k +174; (7) 
roe Jj, — Wuametp kosieca, M; h; — TosMMHa 
oOona xkojeca, M; k — _ xkooddunent, 
OllpeeAIOWIM COOCTBeEHHYIO yacTOTy 
kosle0aHHa. 


CoOcTBeHHble 4acTOThI KOJIeOaHH pesibca, Kak 


2KECTKO3AIICMJICHHOU CTaJIbHOU eTasin, 


ONPpeCWCJLAIOTCA CJICTYFOWUIMM BbIPaKCHHCM. 
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The arrangement and dimensions of the main 
elements of overhead cranes determine the 
choice of models of noise sources and restrict 
them to the following. 

For rail, the axis of the wheel set, trolley 
frame elements, as sources of noise, it 1S 
advisable to use a linear source. Sound power 
levels of these sources are determined by the 
following dependencies: 

Rails and parts of the overhead crane frame 
(3): 

—at 0,02f;,h,cosp < 1: 

Ly, = 201 gf, + 101gBhyV;,.Sp * cosB + 106; (4) 


— at 0,02f,h,cospb = 1: 
Ly, = 10/gBV,S, + 5lgf,h,cosB + 135. (3.1) 
where £ is the angle of radiation; f,— natural 
frequencies of the source, Hz; hpis the height of 
the rail or frame element of the overhead crane, 
m; V,— natural frequency of the source 
fluctuations, m/s; S,— the surface area of the 
source, m/s; B — the function that takes into 
account the distribution of fluctuations speed of 
the source over its surface, which according to 
the work [10] is reduced to the form: 

B= f° Vy(z)e002Fk2 Bdz. 

The axis of the wheel pair (4): 

—at0,02f,Ao < 1: 

Ly, = 20lgf,Ao + 10lgBV, lcosB +120 (6) 
—at0,02f,Ao = 1: 
Ly, = Slafx + 15lgAo + 
+10l1gBV,lcosB + 144; 

Where /I, — axis diameter of the wheel, m. 
The wheels (5): 
Ly, = 201gV, + 101g(0,5A, + hy) k + 174;(8) 


where /I, — wheel diameter, m; h, — thickness 


(4.1) 


of rim, m; k — coefficient that determines 
natural frequency of oscillation. 

The natural frequencies of the rail, as hard 
clamped steel detail, are determined by the 


following expression 


—E, 








fie = 625 (2) " [Y, (9) 


ly 
rye 1, — paccTosHve MexK]Yy TOUKaMH KpelieHua 
pembca, M; Y wu F — moment uuepuun, M* u 
MIOMayb WOMepewHoro CeyeHHA pesibca, M%. 
CoOcTBeHHbI€e 4aCTOTbI kKoNeOaHHH ocH 
kouleca Kak OaJIKH Kpyrmoro ceyeHHa Ha JIByX 
omopax OMpeeIAIOTCA Kak: 


2 
fx = 625 (=) Ao. 

(10) 

C yyeTOM 9THX BbIPaxKeHH, 3aBMCHMOCTU 
YPOBHeH 3BYKOBOHM MOINHOCTH MIpHMyT BU: 
— ypyx pesbe np 0,02f,h, < 1: 
ly 
+101 gBh,V;,.S,cosB + 173 (8) 


Z 
Ly, = A0lg 





il 
“+ 10lg— + 


— yByx pessc mpu 0,02f,h, = 1: 


2 
Ly = 10lg 
1 
+101gBV,S,cosB + 156; 





| 
a 2,919 = + 5lgh,cosB + 


(13) 
— JIByX OceH KoJIecHbIx Map mpu 0,02 f;, J, < 1: 
Ly, = 40lgkAy — 30lgl + 


+101gBV,cosB + 183; (15) 


—  ]IByX oceH KOJIeCHOH Tapbl pn pu 
0,02 fi Ao = 1: 
k 
Ly, = 4019 — + 20lgAo + 
+ 101g BV,cosB + 161; (17) 
— yeTbIpex KOJIec TeIe#KKU KpaHa: 
Ly, = 201gV, + 101g(0,5A;, + hy) k + 180. (12) 


Barpoybr. DakTwuecKMH pacueT ypoBHeu 
3BYKOBOU MOINHOCTU MCTOUHHKOB UW, 
COOTBETCTBCHHO, YPOBHeH 3BYKOBOTO JaBJICHHA 
MOCTOBOrO kKpaHa B  MpOH3BOJ;CTBeEHHOM 
MOMeCIICHHU CBOJUTCA K OlIpeeICHHIO CKOpOcTen 
KoNeOaHHH OTJCIbHBIX MCTOUHHKOB Ha UX 
COOCTBeCHHBIX 4YaCTOTAaX KOJeOaHHH, T.e. CleKTpa 
BHOpallM OTCJIbHbIX HCTOUHUKOB. [losy4eHHpre 
3aBHCMMOCTH ABIIAIOTCA OCHOBOM JIA BbIOOpa 
VMHOKCHEpHbIX pellleHHit 00 odecleueHHIO 
CaHUTapHbIX HOpM IlyMa B IIPOH3BOJ.CTBCHHBIX 
MOMeCIICHHAX, KOTOPbIe BKJIIOUAIOT KaK CHWKEHHE 
3BYKOBOH MOIMIHOCTH CaMHX MCTOUHMKOB, Tak U 


fe = 025 (%)" fl 


(11) 
where /,— the distance between the points of 
rail securing, m; Y and F = the moment of 
Inertia, m* and the cross-sectional area of the 
rail, m’. 

The natural frequencies of the wheel axle as a 
beam of circular cross-section on two supports 
are defined as: 


2 
fx = 625 (=) Ao. 
(12) 
Based on these expressions, the dependence 
of sound power levels will take the form of: 
— two rail at 0,02f,hy < 1: 
2k—-1 





| 
Ly, = 401g i 101g — a 


+101gBh,V;,S,cosB + 173 (8) 
— two rail at 0,02f,h, = 1: 


2k —-—1 | 
Ly = 10lg [, “ 2,019 = + olgh,cosB + 


+101gBV,S,cosB + 156; 
(14) 
— two axes of wheel pairs at 0,02f;,/ly < 1: 


Ly, = 40lgklo — 301gl + 
+101gBV,cosB +183; (16) 


— two axes ofa wheel pair at 0,02f, [9 = 1 





k 
Ly, = 401g — + 201g J> + 
+ 101gBV,cosB + 161; (18) 


— four wheels of crane trolley: 


Ly, = 201gV, + 101g(0,5A, + hy) k + 180. (12) 


Conclusions. The actual calculation of sound 
power levels of sources and therefore the sound 
pressure levels of overhead crane in production 
premises is reduced to the determination of 
vibration velocity of individual sources on their 
natural frequencies, i.e. the spectrum of 
vibrations of the individual sources. The 
obtained dependences are the basis for selection 
of engineering solutions to ensure sanitary norms 
of noise in industrial premises, which include 
reduction of sound power of the sources 
themselves, as well as the choice of sound- 
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absorbing materials for the walls of industrial 
premises. 
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Ilenbr1o HacTOsMei paOOTbI ABIIAeTCH TMOMCK 
MeTOJIOB KOMIMICKCHOM OL|[eHKH TpaBMaTH3Ma Ha 
IIpeqIpuATHAX MallMHOcTpoeHuaA PocToBcKol 
odOnactu. B padDoTe paccMaTpHBarloTCA OCHOBHBIe 
TOJXOJbI K aHasIv3y pHcka. IIpupoyatca 
KaueCTBeHHblIe HW KOJIMYeCTBeEHHbIC MeTOUKU 
OIlCHKU IIPOM3BOJ,CTBeCHHOrO pucka, 
KkiacchukauWa MeTOJOB aHaliv3a UW OLLeCHKH 


pucka. 


Kuro "eBbIe CJIOBA. AHasin3, puck, 
IIPOH3BOJICTBCHHbIM TPaBMaTH3M, paccilesOBaHHe, 


CHCTe€MHBbIM MOAXOL. 


BpBejenne. Y cTOMWUHMBOe pa3BuTHe 


IIpeAUpHATHA § MalIMHOCTPOeHHA  =BO3MO2%KHO 
TOJIbKO pu IPMeKTHBHOM YiIpaBJIeHHM PUCKaMH. 
ITO TOpa3syMeBaeT ONTHUMasIbHOe 
pactipeylemeHue 3aTpaT Ha CHW2KeHHe OCHOBHbIX 


BUOB PUCKa, NO3BOJIAFOMee JOCTH4b TpeOyemMoro 


yPOBHA Oe30NacHOcTH, ayJIeKBaTHOro 
COBPe€MeHHBIM YCJIOBHaM | | |. 

IlocraHoBka 3aa4dn. J moucKka 
ONTHMAaJIBHBIX pelleHuit HeoOOxOJJMM 


KOMIMJICKCHBIM  aHaiv3 pucKka. Ero KOHe4HOU 


IlCJIbIO ABJIACTCA Hanoosee TOUHOe 
IIPOrHO3SHpOBaHHe BIIMAHHA OMACHbIX HU BPeJHbIX 
IIPOM3BOJICTBCHHbIX (akTOPpOB UU olpeseseHue 
CBOCBPeCMCHHBIX HU aJICKBaTHBIX BO3MO2KHBIM 
yrpo3aM Mep pearupoBaHua. 

B 9TOM CBA3H PaCCMOTPUM OCHOBHBIe MOXOJIBI 


K aHaIM3y pucKa UW onpeyenuM mpoOsemMHEIe 


MecTa UX IIpHMeHeHHA IIPHMCHHTeJIbHO K 
MallIMHOCTpOHTeJIBHON OTpacmu POcTOBCKOU 
oOacTu. 
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The aim of this work is the search for methods 


of integrated assessment of occupational 
injuries at enterprises of mechanical 
engineering of Rostov region. The paper 


discusses the main approaches to risk analysis. 
It provides qualitative and quantitative methods 
for assessment of production risk, classification 
of methods of analysis and risk assessment. 


Keywords: Analysis, risk, occupational injury, 
investigation, systematic approach 


Introduction. Sustainable development 
at mechanical engineering enterprises is 
possible only with ~~ effective risk 
management. This implies the optimal cost 
allocation for major risks reduction, allowing 
reaching the required level of security, 


adequate to modern conditions [1]. 


Statement of _ the 
comprehensive risk analysis is necessary in 


problem A 


order to search for optimal solutions. Its 
ultimate goal is the most accurate prediction of 
the influence of dangerous and _ harmful 
production factors and determination of timely 
and adequate measures for possible threats. 

In this regard, let us consider the main 
approaches to 


problem areas for their application with regard 


risk analysis and _ identify 


to mechanical engineering industry of Rostov 
region. 














Teopetuyeckag 4actp. Ilo HanOosee OOmleMy 
PaH2KHpOBaHHIO BBICIAIOT KaveCTBeHHbIe U 
KOJIM4YECTBEHHBIC MeTOJIMKU OI[eCHKH 
IIPOH3BOJICTBeEHHOTO puicKa (puic. 1). 

B pamMkax Ka4eCTBeCHHbIX MeCTOJIOB MO2XKHO 
BbIJCIMTb YeTbIPe OCHOBHBIX MOTXoa: 

1) MeTobI aHalM3a UMerolletica 3a 
OlIpeseICHHbIM BPCMeHHOM Mepuoyd HHd@opMallun; 

3) MeTOJIBI MATeMaTHYeCKOrO MOeIMpOBaHHsA; 

2) MeTOZbI cOopa HOBOH, MOCTOAHHO 
OOHOBIIACMON HHDOpMalny; 

4) sBpucTu4ecKHe MeTOJIBI. 


Merojabi KauvecTBeHHOro 
aHaJIM3a HW OWeCHKH PHCKOB / 


Methods of quantitative analysis 
and risk assessment 


Merogpbl aHaiu3a 
UMerollelica HHOpMalnu 
/ Analysis of the available 

information 


Mertoybi cOopa HOBO 
wudopmarnn / 


New data collection 


Meroybl MoyeuMpoBaHna / 
Modeling methods 


OBpucTHYeCKHe MeTOIBI / 
Heuristic methods 





Theoretical part. Qualitative and 
quantitative methods for assessment of 
production risk (Fig.l) are distinguished by 
ranking. 

Within qualitative methods it is possible to 
single out four basic approaches: 

1) methods of analysis of information which 
is available at a certain time period; 

3) methods of mathematical modeling; 

2) methods of collection of new, constantly 
updated information; 

4) heuristic methods. 


Merojbi KOIM4eCTBeEHHOLO 
aHaJIM3a HW OW€HKH PHCKOB / 


Methods of quantitative 
CULTLUMSAY ALLL AKY KY ANY CAL 


AHasIuTH4ecKHe MeTOLEI / 
Analytical methods 


BeposxTHOCTHO- 
TeopeTHYecKHe MeTOIBI / 
Probability-theoretical 
methods 


CraTucTM4yueckne MeTO BI / 
Statistical methods 


Mertoybl NocTpoeHHa 
TepeBbes / 


Tree construction 


Meroabl HMUTAIMOHHOTO 
MOJIeIMpoBaHus / 
Simulation modeling 


JloruKO-BepOATHOCTHEIe 
MeTosbI / Logical- 
probabilistic methods 


OBpucTHYeCcKHe MeTOIBI / 
Heuristic methods 


Puc.1. Knaccudukalua MeTOOB aHasin3a U OIWeCHKH pucka 


Fig.1. Classification of methods of analysis and risk assessment 
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Meroybl aHam3a UMerolleica HHdopmMalnu 


TIpeCTaBIAIOT CcodOow aHasIv3 JOKYMCHTOB 
CTaTHMCTHM4eCKOM, TeXHMY4eCKOH HU TT. OT. 
OTUCTHOCTH lpewqupuaTua, u aHasiu3 


NpoOu3olle TMX Ha IpeqNpUATHU aBapun. 


Jina coopa HoBOoH UHdopmMaluu = oO 


MOTCHUMaAJIBHbBIX PHCKAX Hanoosiee HIM pOKO 


IIDHMCHAFOT MeCTOIbI aHKCTHUpOBaHVA, 


KOHCYJIbTHPOBaHHA CO CHeUMaJIMCTAaMH, 


TIepCOHaJIbHbIe UHCICKIMOHHbIe MOCelleHHA 
TosTpa3qeseHun npesmpuaTua [2]. 
Meroupl 


MOJICJIVNPOBAHNA OCHOBAHBI Ha 


co3qaHuHw WU  MTOcueNyIOUleM MUCccIeqOBaHuuH 
MOJleIeH MpOW3BOCTBa UH ABICHHH C_ IeJIbIO 
IIPOTHO3a BO3MO2KHBIX PHCKOB. 

MojyesmpospaHue pa3BUuTHA PUCKOBON 
CHTyallMH OCHOBbIBaeTCA Ha BBIABJICHHU UM OILeCHKe 
(paKTOPOB PHCKa, OTJCJIbHbIX Tpyll WIM BUOB 
TaK?Ke 


pucka, a MOCIeCTBUH TIpOABJICHHA 


K@KOrO WporHosupyemoro  pucKa. Jina 
BbIABJICHHA (PAKTOPOB PHCKa IIMPOKO MIpHMeHAIOT 
MeTOJIbI MOSFOBOLO IITYpMa, IKCIIEPTHbIX OL|CHOK 
wu ap. [3]. 


OBpucTuyeckue MeTOJIbI KavyeCTBeEHHOrO 
aHasIu3a PHCKOB Oa3HpyrOTCA Ha MeTOJMYeCKHX 
OCHOBaxX CTpOrow JIOrHKU HU IpexqycMaTpUuBaroT 
WeqyKUMH, 


aHajiM3a, CHHTe3a, CHcTeMHoro noyxoa. IIpu 


IIpMMeHeHHe MeTOJOB MUMHYKIIMH, 


9TOM MUCIIONb3yeTCA MMerOIevcaA Ha JaHHbIv 
MOMEHT MA€aCcCHB JiaHHbIX [4]. 

Mertojibl KOJIM4eECTBEHHOrO aHaliv3a HW OWeCHKH 
PHCKOB HalipaBIeHbl Ha U4HCIICHHYIO OIeCHKY 
KOHKpeTHOrO BHya pucKa, Mocie 4wero MOXeT 
OBIT mouwyuena MHTerpasibHar oleHKa, 
HallpuMep, PHCKa TpaBMaTH3Ma Ha IpesIpuATuUM 
B WeuoM. Meroybl KOJIMYeCTBCHHOTO aHasIn3a 
IIPHHATO JeIMTb Ha CeYyIOWMe Pp ysl: 

1) aHasmMmTu4eckne MeTOIIBI; 

2) BEPOATHOCTHO-TeOopeTHYeCKHe MeTOBEI; 

3) HeTpayqHMIJMOHHbIe MeTOIBI; 

4) 9BpHcTM4eCcKHe MeTOIBEI. 

AvasmMTuyeckue MeTOJIbI TlO3BOJIAEOT 
ONpeyeHTb BePOATHOCTb pHCKa Ha OCHOBE 


MaTeMaTH4uecKHX MOsesen. 


. | S-1Oournal.ru 


Methods of analysis of the available 


information represent the analysis of 


documents of statistical, technical, etc. 
statements, and the analysis of factory 
accidentbl. 


To collect new information on potential 
hazards the most widely used methods are 
questionnaires, expert opinion, personal visit 
for inspection of divisions of the enterprise 
[2]. 

Simulation methods are based on creation 
and subsequent study of the patterns of 


production and phenomena to _ forecast 
possible risks. 
The simulation of risk _ situation 


development is based on the identification 
and assessment of risk factors, specific groups 
or types of risk and the consequences of the 
occurrence of each predicted risk. To identify 
risk factors such methods as brainstorming, 
expert assessments, etc. are widely used. [3]. 

Heuristic methods of qualitative risk 
analysis are based on the methodological 
foundations of rigorous logic and provide 
application of such methods as induction, 
deduction, analysis, synthesis, system 
approach. The currently available dataset is 
used for this [4]. 

Methods of quantitative analysis and risk 
assessment are aimed at numerical estimation 
of the specific risk, after which an integral 
estimation can be obtained, for example, the 
risk of injuries at the enterprise in general. 
Methods of quantitative analysis can be 


divided into the following groups: 


1) analytical methods; 

2) probability-theoretical methods; 

3) unconventional methods; 

4) heuristic methods. 

Analytical methods make it possible to 
determine the probability of risk based on 
mathematical models. 
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K HMM OTHOCAT: aHaliu3 WelwecoooOpa3HocTu 


3aTpaT, aHaivw3 44YBCTBHTeCJIbHOCTH,  aHasI3 

yCTOMYMBOCTH HU MeTOL ClleHapnes. 
BepoaTHOCTHO-TeopeTHueckne METOJIBI 

noypasqesaloT Ha CTaTHCTHYeCKHe MEeETOJIBI, 


MCTOJIbI MOCTPOeCHHA JepeBbeB MU UMUTAIIMOHHOrO 
MOJeIMpOBaHHA, JIOrT'MKO-BepOATHOCTHBIe 
MeCTOJIBI. 

CyTb CTaTHCTM4eCKHX MeTOJOB aHamM3a U 
OICHHBAHHA PUCKOB 3aKOUaeTCA B ONPeeIeHHH 
BepOATHOCTH 


IIPOABJICHUA pucKka 


(puckooOpa3yrollero  dakTopa) Ha  OCHOBe 
WaHHbIx cratucTtuKu [5]. IIpu uccneqoBanuu 
OlIpeyeAIOT cpeywHee omkuaemMoe 3HadeHHeE, 
JMCHIepCuto, CpesIHeKBalIpaTHyuecKoe OTKIOHEHHE, 
KOIPMUUMEHT Bapwallwu, TakxKe MpOu3BOAT 
perpecCHOHHBbIM HU KOppeALMOHHBIN aHasu3. 
Ulupoko lpuMeHsaIOT Ha pakTwKe MeTO] 
IOCTPOeCHHA JIepeBa COObITHH, JepeBa OTKAa30B, a 
TakK2#Ke METO MOCTpoeHuA JepeBa pemlenun [6,7]. 
OHUMU 43 HanOouee DPdeKTHBHBIX CPpeJICTB 
aHasIM3a CJIOXKHBIX MPOM3BOJICTBCHHbIX CHCTeM U 
PHCKOB  ABJIAIOTCH 


MCTOAbBlL UMUTAUWMOHHOTO 


MOyeIMpoBaHHua. K WHpoKO lpHMeHAeCMBbIM 
MeTOJaM B YaCTHOCTH MOXKHO OTHECTH MeTOI 
cumyauui Moute-Kapsio [8]. 

HetTpayqMmMoHHble MeTOJIbI aHaM3a WU OLeCHKU 
PHCKOB peasIM3yFOTCA TIpu TIOMOINIM 
MOJI@IMpOBaHHA Ha OCHOBe alliapaTa HeyeTKON 
NIOrHKM MW CHCT€M WMCKYCCTBeCHHOrO HMHTeIIeKTa 


[9]. 


OcoOeHHOCTbIO 9BPHCTH4eCCKHX  MeCTOJIOB 
OL[CHKH PHCKOB ABJIACTCA HCHOJIb3OBaHHe JIM4HBIX 
3HaHHH, OlbITa HW WHTYHUMU pH pa3spadoTKe 
runoTe3 O BepOATHOCTH  BO3HHKHOBCHHA 
PHCKOBBIX coOBITHH. Handonee onmysIapHbIMu 
ABNAIOTCA MCTOJbI IKCIICPTHBIX OLCHOK, MeTOL 
«Tenbdw>, a TakxKe MeTO MOCTpoeHHA «pO3bI 
PUCKOB» [8]. 

TakoKe BbIJ[eIAIOT KOMOMHUpPOBaHHbIe MCTOJII 
aHalMu3a WU  OLCHKH 


PHCKOB,  KOTODpBIe 


. | S-1ournal.ru 


—————— 

These include: analysis of usefulness of 
costs, sensitivity analysis, stability analysis 
and scenario method. 

Probability-theoretical methods are 
divided into statistical methods, methods of 
tree construction and simulation modeling, 
logical-and-probabilistic methods. 

The essence of statistical methods of 
analysis and risks assessment is to determine 
the probability of risk (risk factor) based on 
Statistics [5]. The average expected value, 
variance, root-mean-square difference, 
coefficient of variation are determined, as 
well as the regression and correlation analysis 
is conducted. 

Method of construction of event tree, fault 
tree, and a method of constructing a decision 
tree [6,7] are also widely used in practice. 

One of the most effective means of 
analysis of complex industrial systems and 
risks are methods of simulation. In particular 
the method of simulation Monte Carlo can be 
attributed to widely used methods [8]. 

Unconventional methods of analysis and 
risk assessment are implemented using the 
modeling based on fuzzy logic and artificial 
intelligence systems [9]. 

The peculiarity of heuristic — risk 
assessment methods is the use of personal 
knowledge, experience and intuition to 
develop hypotheses about the probability of 
occurrence of risk events. The most popular 
are the methods of expert estimations, the 
Delphi 


construction of the "rose" of risks [8]. 


method, and epy method of 


There are also combined methods of 


analysis and assessment of risks which are a 











—~ > ot) an — > o-ia me f “a — 7 - wm 


> Le = LU > UU 





IIPCACTaBIAKOT COOOH OObeMHeEHHe HECKOJIBKMX 
OTJCUIbHBIX Ka4eCTBCHHbIX HM KOJIM4CCTBCHHBIX 
MeTOJIOB WIM UX OTJICJIBHbIX IJIEMCHTOB. 

HeoOxoquMoO HOAYeEPKHYTb, 4TO pH 
IIPHMeHeHHM HOOOTO 43 MWpoaHasIM3MpOBaHHBbIXx 
MeTOJOB aHasIv3a PHCKOB ero 93MeKTHBHOCTB 
OyeT BO MHOFOM OIIpeyeuATbCA HajlexKHOCTHIO, 
TOUHOTOM HM JOCTOBEpHOCTHIO HCHOJIb3yeMOu pu 
aHasu3e HHDOpMalinu. 


OyHakoO B- HacTosmee BpeMA 


CTIPyKTypy 


cTaTHCcTH4ecKon OTUCTHOCTH moKa3aTesen 
TpaBMaTH3Ma [ipesIpuaTHH MallMHOCTpOeHHA 
PocToBCKOH OOsIaCTH MOX%KHO OxapakKTepH30BaTb 
Kak HeyJOBJICTBOPUTEJIBHYLO. IIpumep 
3allOJIHCHHOM (OpMbI NpHuBeyeH B TaOsMe |. V3 
Hee UCKIIKOUeCHBI KOJIOHKH C HaMMeHOBaHHeM 
IpequpHATua UW WepcOHabHbIMH jJaHHbIMu 
MOcTpajjaBInx. 

CoyepxaHve [peCTaBIeHHOH (MOpMbI He 
HO3BOAeT IPeKTHBHO HPHMeCHHTb JHOOOK U3 
ONMCaHHbIX BBbIINe MeTOJOB OLCHKH puckKa. 
CyllecTBeHHO 3aTpyqHeHa UU - pa3padoTKa 
OllepaTHBHbIX MepOlpvATHH MO MOBbILIeCHHEO 
Oe30TacHOCTH Tpysa. 

IIpexge Bcero HeoOxoqMMO  BbIABJICHHe 
CKPBITBIX IIPH4YHH TpaBMaTH3Ma. OHM MOTyT OBIT 
OOYCJIOBJICHBI NICHXO@U3HOJIOrM4eCKUM 
COCTOAHHeM paOOTHHKa, ero KBasIMduKalnel, 
B3aMMOOTHOLICHHAMU B KOJUICKTHBe, YPOBHeM HU 
KaueCTBOM 


yilpaBsICHdeCCKHX 3BCHBCB, 


COCTOAHHeEM OCHOBHBIX 9JIEMCHTOB 
TEXHOJIOTHYCCKHX JIMHHM B IeCJIOM HW KOHKPeTHBIX 
BHJOB OOOPyAOBaHHA B YaCTHOCTH, MapaMeTpaMu 
OpraHu3alMu padoT, MMKPOKIMMaTa, YyCJIOBHM 
Tpyqa u gp. Jina KayecTBeHHOrO aHasIM3a U 
IIPOrHO3MpOBaHHA HeOOXOTHMO MaKCHMalIbHO 
JIeTasIbHoe —— BbIABJICHHe 


BCCX BJIMAFOUIMX 


(baKTOPOB. 
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combination of several separate qualitative 
and quantitative methods and their elements. 
It must be emphasized that on application 
of any of the analyzed methods of risk 
analysis its effectiveness will greatly depend 
on completeness and reliability of the used in 


the analysis data. 


Currently, however, the structure of 
Statistical reporting indicators of injury of 
mechanical engineering enterprises of Rostov 
region can be described as unsatisfactory. The 
example of the filled in form is shown in table 
1. It excludes the column with the company 


name and personal data of victims. 


The content of the submitted form makes 
it impossible to effectively apply any of the 
above-described risk assessment techniques. 
The formulation of operational measures to 
improve safety 1s significantly hampered. 

First of all it is necessary to identify 
underlying causes of injury. They can be 
caused by physiological condition of a n 
employee, his qualification, relationships in 
the team, the level and _ quality of 
management, state of the main elements of 
technological lines in general and specific 
types of equipment in particular, organization 
of work, environment, working conditions, 
etc. For quality analysis and forecasting the 


detailed identification of all the influencing 


factors 1s necessary. 


Nod 


Taomuua | 
Table 1 


IIpumep cBoJHOHK TaOIMIUbI 10 Cy4adiM TpaBMaTH3Ma Ha lipesIpuATHAX MallMHOCTpOeHHA 
PocToBckon oOacTu 

The example of summary table on cases of traumatism at the enterprises of mechanical 
engineering of Rostov region 


Otpacib/ 
Industry 


Ilpou3BocTBO 
MallvH 
odopy0BaHHA 
JIA CCJIbCKOLO U 
JIECHOTO 


XO3AHCTBa / 
Manufacture of 
machinery and 

equipment for 
agriculture and 


forestry 
Ilpou3BocTBO 
MallIvH U 
odopy0BaHuA 
JIA CEJIbCKOrO U 
IeCHOro 
XO3AHCTBa / 
Manufacture of 
machinery and 
equipment for 
agriculture and 
forestry 
IIpou3BocTBO 
MallIvH U 
oOopy0BaHHA 
JIA CJIbCKOrO U 
IeCHOro 
XO3AHiCTBA / 
Manufacture of 
machinery and 
equipment for 
agriculture and 
forestry 


Buy mpoucimiectBna/ 
Accident type 


Bo3eucTBie BPeHBbIX 
BeLeCTB (B TOM 4uCIIe 
aJIKOrOJIA, 
HapKOTH4YeCKHX, 
TOKCHYCCKHX WIM MHbIX 
cpeycts) / Impact of 
harmful substances 
(including alcohol, 
narcotic, toxic or other 
substances) 


Oosasibl 30aHHH, CTH, 
CTPOMTEJIBHBIX JICCOB, 
JIeCTHULL, 
CKJ1aMpOBaHHbIx 
TOBapoB H JIp/ 
Collapses of buildings, 
walls, scaffolding, 
ladders, warehouses, etc. 


OosBasibI 30aHMH, CTeH, 
CTPOHTEJIBHBIX JICCOB, 
NIeCTHML, 
CKJ1aJJMpOBaHHbIxX 
TOBapoB H yIp./ Collapses 
of buildings, walls, 
scaffolds, ladders, stored 
goods, etc 





HeyOBJIeTBOpUT 


OOcTOATeBCTBa u 
lipHuuHa HeCcuacTHOrO 
ciyyuas/ Circumstances 


of the 


IIpuunua/ 


Cause 
Cause 


and 
accident 
Ilpu BEInoOHeEHUuH 
PeCMOHTHBIX padoT Ha 
oOopy0BaHHu 
Kpackonoya4un, 
BINICCHYBIUIMUCA 


pacTBOpHTesIb NOMA B 


eIbHad 
opraHH3aluA 
IIPOH3BOJICTBa 
pa6ot/ 
Unsatisfactory 
organization of 
works 


JIMILO B T.4 B ra3a/ 
While working on ink- 
supplying equipment 
spilled ink hit the face 
including eyes 


HeyOBJIeTBOpUT 


B 12-00 npu 
oOpylleHHu KpoBIu 
TOJYUWIIM TpaBMBl / 

At 12-00 in the 
collapse of the roof 
were injured 


eIbHad 
opraHu3aluA 
IIPOU3BOJICTBa 
padot/ 
Unsatisfactory 
organization of 
works 


HeyOBJIeTBOpUT 


sae IIpu oOpymennu 


KpOBJIM NOJY4MIIM 
TpaBMBI / Got injured 
during the collapse of 

the roof 


opraHu3aluA 
IIPOU3BOJICTBa 
pa6dot/ 
Unsatisfactory 
organization of 
works 
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el 


Henpumenenune | B 10-00 npn 3a4unctTKe 

paOoTHHKOM IUBOB TellJIOOOMeHHHKa 

CpeJCTB MOJTY4MI TpaBMy r1a3a 
WVHIMBUyasIbHOW | OCKOJIKOM Ilslaka / At 


3anmTbI / The 
employee didn’t 


10: 00 when cleaning 
the seams of the heat 


use personal exchanger got his eye 
protective injured with a fragment 
equipment slag 


IIpoune 
IIPH4HHBI, 
KBaJIMULMpoBaH 
HbIe 10 
MaTepHasiaM 
paccieqOBaHHA 
HeCUacTHBIX 
cayuaeB/ Other 
reasons Classified 
according to the 
materials of 
accidents 
investigation 


HeyOBJIeTBOpUT 
eyIbHaA 
opraHn3alna 
IIpOW3BOICTBa 


padot/ 


Unsatisfactory 
organization of 
works 





Ilo HeocTOpoxKHOCTH 
IOJY4MI TpaBMy PyKH, 
momaBlien NO WIMTy 
mpecca/ Negligently 
injured hand which 
was caught under the 
press plate 


B 10-40 nosyaun 
TpaBMy I03BOHOUHMKa 
(IIPOM30IMIeII 3AXBaT 
onexb1) / At 10-40 got 
his spine injured (there 
was a seizure of 
clothing) 

















4 Y yapbl WayarouluMu 
IIpou3BocTBO 
IIpeqMeTaMu UH JleTasiaMu 
Il0J{beMHO- 
(BKIIHOUad HX OCKOJIKH U 
TpaHCIlOpTHOro 
YaCcTHIUbI) pH padote 
oOopyaoBaHus / 
(OOpalleHuu c HUMN) / 
Manufacture of 
i Impact of falling objects 
lifting and a. ie 
and details (including 
handling 
fragments and particles) 
equipmen 
during work with them 
5 
3alljeMJIeHve MexKILy 
HeHOJBY2KHbIMH 
BWOKYIIMMUCA 
ITpou3BocTBO lpeqMetaMu, eTasamu 
CTAHKOB / MW MaliMHamMn (usm 
Manufacture of Cah 
Me@KTY HHUMU ettin 
machine tools AY é 
squeezed between still 
and moving objects, 
details and machines 
IIpoune KOHTAKTHI 
(CTOJIKHOBCHHS) C 
IIpou3BoJcTBO lIpeyqMetTaMu, JeTaslaMu 
MeXaHH4ecKOro MW MaliuHamyu (3a 
odopyy0BaHusA / UCKJIIOUCHHeM YapoB 
Manufacture of (yumM0o0B) / Other 
mechanical contacts (collisions) with 
equipment objects, parts, and 
machines (excluding 
bumps (bruises) 
JIpyrow# BaxKHOM WpoOmemMow  ABIIAeTCA 
BbICOKHM YPOBeCHb «CKPbITOrO»> TPaBMaTH3Ma, YTO 
He IO3BOJI€T UpOW3BeCTH JIOCTOBeEpHBbIi 
KOJIM4CCTBCHHbIM = aHasIw3. «= SS CBOeCBPEMECHHO 


BbIPaOOTaTb HYXKHbIe yiIpaBlIeH4YeCKHe pellleHusA. 
IIpu 9TOM TIpOMCXOMT HakallIMBaHHe OWMOOK U 


IMOCTOAHHOe CHWKeHue 39cbdekKTHBHOCTH 


BJIOXKCHUM Ha MEPOTMPUATHA 10 OxpaHe Tpywla. 


Onpoc UW  aHkKeTHpoBaHve pa0OTHHKOB 


TIpewIpuATHH MallIMHOcTpoeHHA POCTOBCKON 


oOacTHu, IIpoBeeHHoe aBTOpaMH, 


CBUNCTCJIBCTBYCT O HY3KON MOTHBaAHWMN K 


Oe30lacHOMy TPYyy HU 3aMHTepeCOBaHHOCTH B 


a — 


Ournal.ru 


Another important problem is the high level 
of "hidden" injury that does not make it 
possible to conduct a reliable quantitative 
analysis and to develop necessary management 
decisions. When this occurs, the accumulation 
of errors and constant decrease in the efficiency 
of investments in measures for the protection of 
labor occurs. 

Survey and questionnaires of workers of 
mechanical engineering enterprises of Rostov 
region, which was carried out by the authors, 
indicates on low motivation for safe work and 
interest in the effective organization of the 
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3MeKTHBHOH OpraHv3all[d4H CHCTeMbI OXpaHbl 
Tpywa Ha Upenaupuatun. Tak, Ha pucyHKe 2 
XapakTepu3yromlaa 
COI[MaJIbHO-JIM4HOCTHBIX 


mpeycTapieHa Mvarpamma, 
Bec pa3JIM4HBIx 


(bakTOPOR, BJIMAFOUIMX Ha 


paOoTHukos. Kaxybii paOOoTHHK MOr OTMeTHTb 


TpaBMaTH3M 


HeCKOJbKO (baKTOPOB, MMeBIIMX MeCTO B ero 
IIPOW3BOJCTBCHHOM JICATCJIBHOCTH. 
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Personal HMERLUWAMCA 
negligence CPE OCA FaWIKTbI 
Neghgence to protection 
equipment 


system of labor protection at enterprises. Figure 


2 presents a diagram describing the weight of 
different influencing 
injuries of workers. Each employee was able to 


socio-personal factors 


note several factors that occurred in his 


production activities. 





MrHOpMpOBaHHe  HapyweHMeTpygosow HecornacopaHHoctb 
TpebossHHe AMCUMMAMHbI SehcraHe 
O€30nacHOCcTH Vaddimctier “Vitae 
Safety discipline 

requirements 


Puc. 2. Bec OCHOBHBIX JIM4MHOCTHO-COMMAIBHBIX (PAKTOPOB, BIIMAFOMIMX Ha TPAaBMaTH3M PaOOTHHKOB 


IIpeMpHATHM MalliIMHOCTpoeHuA 


IlomyaeHHble pe3yIbTaTbl CBHJICTCJIbCTBYIOT O 


CJIOPKUBILICHCA CHcTeMe CHCTeEMaTH4UeCCKHX 
HapyllueHuit Oe30MacHOcTH Tpysa. 
Take 


HCOCTAaTOUHO CTaHapTu3HpOBaHa 


JOKYMeHTAallnA Tpyla 
IIpeAMpHATHAX MallMHOcTpoeHua PocToBcKon 


OTICIOB OXpaHBl Ha 
oOmactu. B wmerolleica OTUeTHOCTH ONMCaHHe 


OOCTOATEIBCTB HeCYaCTHBIX caryyaeB 
HeJOCTaTOUHO MOUHOC UH TOUHOe, OTCYTCTBYCT 


aHasIM3 BIIMAOWMX (aKTOPOB Ui Jp. 





The results show the current system of 
sistematic violations of occupational safety. 

Also the documentation of labor protection 
departments at the enterprises of mechanical 
engineering of Rostov region it is not enough 
standardized. reports the 
description of accident circumstances is not 


In the existing 


complete and accurate, there is no analysis of 


the influencing factors, etc. 
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3aksro4eHne. C yueTOM BbIIMeCKa3aHHOro, B 
HacTosllee BPeCMA BeCbMa aAKTYaJIbHOM ABJIACTCA 
KOMIWICKCHaA 


OUCHKa TpaBMaTH3Ma Ha 


TIpeqpuvaATHAX MalliM@HOcTpoeHua PocToBcKol 
OOacTH, BbIMOJIHCHHad Ha OosIee BBICOKOM Hay4HO- 
MeTOJIMYeCCKOM YypOBHe C _ HCTOIb30BaHHeM 
MaKCHM@JIbHO BO3MO2%KHOrO MaccCHBa JI@HHbIX UV 
IIPOBeJICHHeM IKCHEPHMECHTAJIbHbIX UCCIeqOBAaHui 
Ha HanOosree MpoOsJIeMHbIX TpesMpuATHAX. DTO 
HO3BOIMT BbIpadoTaTb OOLTyIO cTpaTerMio 0 
Tpya Ha 


TIPeAUPUATHAX MallIMHOCTPOeHHA pervoHa, a TakK?Ke 


TOBbIILIGHHEO Oe30NaCHOCTU 


YBeJIMYUTb 9cbdeKTUBHOCTb KallMTaJIbHbIxX 


BJIOXKCHMH. 
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Conclusion. Taking into account all the 
above mentioned at the present time very 
topical is the comprehensive evaluation of 
injuries at the enterprises of mechanical 
engineering of Rostov region, made at a higher 
level of scientific methodology with the use of 
the maximum _ possible data sets and 
experimental studies on the most problematic 
enterprises. This will make it possible to 
develop a common strategy for improving labor 
safety at mechanical engineering enterprises of 
the region, and to increase the efficiency of 


capital investments. 
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IIpeqctTaBsieHbl Pe3yJIbTAaTHI TeXHHYeCKON 
Q9KCHEPTH3bI IKCI[TCHTPHKOBOTO Balla I[eKOBOU 
CMHI-111. 

TeEXHHYeCKOU 
pa3pylleHua 


CILYKAMTCrO IA lIpeoOpa30BaHus BpallaTesIBHOTO 


TpoOusIKu 


mpormeyypa 
yCTaHOBJICHHA 


ABTOpaMu ——olmicaHa 
IKCIePTH3bI 
TIpH4vH BaJla, 
JIBYMXKCHHA B BO3BPaTHO-IIOCTyMaTesbHOe U JIA 
Tlepeqaunw ycuuIMA wepe3 pacilOpHble IWJIMTbI Ha 
TOJBUXKHY!IO IeKy, KOTOpad ABJIAeTCA PaOOuHM 
opraHomM jpooOnmmku. I[Ipupogatca anamu3 
MCXOJIHBIX MaTepuvasIOB UM 3aKJIFOUeHHe O NpH4nNHe 
pa3pylleHHA 9KCIITCHTPHKOBOrO Balla MIeKOBOM 


mpoOusku CMJI-111. 


KsmoueBbie CJI0OBa: TexXHM4ecKad 9KCIepTu3a, 
OKCIICHTPHKOBBIN Ball, WeKOBad J poOusKa CM/JI- 


111, mpu4una pa3pyllieHua, XapakTep 
pa3pylleHua 

BspejeHne. OcCHOBHBIM MCTOJOM BBIABJICHUA 
TIpv4vH pa3pylleHua 3JIEMeCHTOB 
IIPOU3BOJICTBCHHBIX OObBEKTOB ABJIACTCA 


TexHuyeckad 9KcIeptu3a [1-2]. B Hactrosmjen 


paOoTe OOBeCKTOM OKCIICPTH3bI ABJIACTCA 
O9KCIICHTPHKOBBIN Ball WIeKOBOH poouuKU CM/JI- 
Ill. Ban 


BpallaTCJIBHOLrO 


CIYKUT IA  WpeodOpa3soBaHnA 


JBYXKeHHA B  BO3BPaTHO- 
MOCTyMaTeIbHoe WU AIA Mepeqauw ycusIMAa yepes 
TIOBUKHYHO IINeKy, 


KOTOpad ABJIAeCTCA PaOOUMM OPraHOM JIPOOMJIKU. 


pacnopHbre TJIMTbI Ha 


OKCICHTPHKOBbIM Ball, BbIMOJHAKOUIMM poOllb 
KpvHBollMna, ycTaHaBsIMBaeTCA B CTaHHHy Ha 


IBYXpauqHble pounkononmMmANKH [3]. Ha 
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TECHNICAL EXPERTISE TO 
ESTABLISH THE CAUSE OF 
FRACTURE OF JAW CRUSHER 
ECCENTRIC SHAFT 
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K. L. Golub 


Don State Technical University, Rostov-on-Don, Russian 
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The article provides the results of technical 
expertise of the eccentric shaft of jaw crusher 
SMD-111. The authors describe the technical 
expertise procedure to establish the cause of 
fracture of the shaft which is used to convert 
rotary motion into reciprocating one and to 
transmit force through the toggle plate to the 
movable cheek, which is a working body of the 
crusher. The analysis of source materials and 
the report on the fraction cause of eccentric 


shaft of jaw crusher SMD-111 are provided. 


Keywords: technical expertise, eccentric shaft 
of jaw crusher SMD-111, 
fracture pattern 


fracture cause, 


Introduction. The main method of 
identifying fracture causes of the elements of 
production facilities is technical expertise [1-2]. 
In this paper the object of examination is an 
eccentric shaft of jaw crusher SMD-1I11. The 
shaft is used to convert rotary motion into 
reciprocating one and to transfer force through 
the toggle plate to the movable cheek, which is 
a working body of the crusher. Eccentric shaft, 
acting as a crank, is mounted on the base frame 
on double row roller bearings [3]. The crank is 
installed on the eccentric shaft journals using 
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9IKCI[CHTPUKOBBIe IeuKU Basa, yepes 
aHaJIOrMYHble TOJMIMMHAKH, yCTaHaBJIMBaeTCcA 
maTyH. Ban mpuHBoquTct B  J7BMKeHHEe 


9IICKTPOJBUraTesIeM 4epe3 PeEMeHHYIO Tlepeayy. 
OoOmmi Bua wWekKoBoK gApoodumku CM/JI-111 
lmpeycTaBseH Ha puc. |. 
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the same bearings. The shaft is driven by an 
electric motor through a belt drive. General 
view of the jaw crusher SMD-111 is shown in 
Fig. 1. 
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Puc. 1. OOmmMi BU WeKOBOH ApoOunku CM/JI-111 nmocne apapuu 


Fig. 1. General view of the jaw crusher SMD-I1I1 after the breakdown 


Kparkas TexHuuecKad XapakTepucTuka 
OOBeKTa TeEXHH4eCCKON SKCIepTH3bI MpHBeeHa B 


Taomute 1. 


Brief technical characteristics of the object of 
technical expertise are shown in table 1. 


Taosmira | 
Table 1 


TexHwuyeckasd XapakTepucTHKa OOBeEKTA TEXHHYECKON IKCIEPTH3BI 


Technical characteristics of the object of technical expertise 


Ne a TexHwueckni Mapametp / 
HaumMenospanne xapaktepuctuKkn / Characteristic name 
n/T Technical parameter 
\ Jlata BBOTa TpOOWIKH B DKCIUIyaTalMto, roy / 5008 
Date of enter of the crusher into operation, year 
J|nmHa Basia, MM / Shaft length, mm 3699 


MakcuMalIbHbiit MaMetTp Basia, MM / 40 
Maximum shaft diameter, mm 


J\uameTp Basla B MeCTe pa3pylleHHa, MM / 
Diameter of the shaft at the fracture, mm 
Cramb 40X TOCT 4543-71 
M haf ial 
KommMuecTBo OOOpoTOB Balla, Sone / 5004-10 
Number of shaft revolutions, rev/min 
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Mouinoctb 2BuraTea He Oomee, KBT / 
Motor power, KW 


KosmmuecTBo 4acoB paOoTEI JPOOUJIKH B CYTKH, 4ac / 
Number of hours of operation of the crusher in a day, 


KosmuectTBo Hel paOoTsl JPOOUIIKH B MeCcAIL, JH. / 
Number of days of operation of the crusher in a month, 


KosmuecTBo MecaleB pavorhl ApOOMIKH B Troy, Mec. / 


10. | Number of months of operation of the crusher in year, 
months 


Bpema 9KcIluryaTaiMu Basa, Jer / 
Shaft operation time, years 
Bpema 3KcIilyaTaluu Basia, aac / 
: 16*25*10*8=32000 
Shaft operation time, hours 


CpeIHuH pecypc Basia JO TMepBoro KalluTasIbHOTO 
13. | pemonta, uac / Average life of the shaft to the first 15000 
capital repair, hours 


Ilepuoy 0 WepBoro KaluTasIbHOrTO peMOHTa / 

, . . 30000 
Period before the first capital repair 
Cpok cily2KObI TpoOMJIKH, IteT / 10 
Service life of the crusher 




















AHaJIM3 IpeqCTaBJICHHbIx MaTepHaJIoB. 


AHasIM3 9KCIIIyaTalMOHHOM JOKYMeHTAallMu 


WOKa3all, YTO BaJl Ob yCTaHOBJICH B CTaHHHy 
WekKOBOH ApoOwmkKH mocwe KanuTaibHoro 
PeMOHTa HU TylleH B paOoTy B OOKATOUHOM, a 
3aTeM HM B padoyuem pexume [4]. Llexopasa 


WpoOuska Wpopadotala B padOouem pexuMe 33 


mua. B nepHox o0OKaTKH HU BO BpeMa 
OKCIITyaTauMu JO MOMEeHTAa aBapu 3aMe4daHHH He 
MOcTyMaso. 

Ilo aHHbIM >KypHasa  KOHTpoOIs, 


NIpOv30lIII0 pa3spylieHwe Balla HO I,IMMeBOn 
BTYJIKe B 30H€ YCTaHOBKH IIPMBOJHOrO IIKMBA: 
«OOpe3ao Ball WO BTYyIKe  (IIJIMIIeBON). 
JIpoOuska B MOMeHT aBapHuw HaxoyMslach B 
paOoTocnocoOHOM coOcTOsHHH 6e3 Harpy3Ku. 
[kus c OcTaTKaMu Balla OTKMHYJIO B CTOPOHYy 
JIK-11». 


Motrorpaduu aBapuu U MeCTO pa3pyllieHuA Balla 


MtTaTela | HaTsxKHOrO OapadaHa 


IIpeJICTaBJIeHbI Ha puc. 2, 3. 


S-jyourna 


The analysis of the presented material. The 
analysis of operational documentation showed 
that the shaft was installed in the base frame of 
jaw crusher after complete repairs and put into 
operation in running-in and then in production 
mode [4]. Jaw crusher has been in production 
mode for 33 days. In running-in period and 
during the operation until the time of the accident 
no comments were received. 

According to the control record, there was 
the destruction of the shaft splined bush in the 
mounting area of the drive pulley: "The shaft was 
cut on the bushing (pulley). The crusher at the 
time of the accident was in working condition 
without load. The pulley with the remaining parts 
of the shaft was pulled back to the side of the 
feeder tension reel LK-11". The pictures of the 
accident and the fraction place of the shaft are 
shown in Fig. 2, 3. 
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Puc. 2. OOMM BU pa3spylIeHHA 9KCLCHTPHKOBOLO Basia 


Fig. 2. General view of the eccentric shaft fracture 





Puc. 3. Buy mikusa mocie apapuu 


Fig. 3. View of the pulley after the accident 


XapaktTep pa3pyllieHuA Balla yCTaHaBJIMBAaICA Fracture pattern of the shaft was established 
Ha OCHOBe (OTOMaTepHaoB. DoTorpadun mMecta on photographs. The photographs of the fracture 
pa3spyllleHuaA Balla, yCTaHOBJIEHHOrO B KOprllyce of the shaft mounted on the crusher shell are 


poOusIKH, IpezCcTaBeHbI Ha puc. 4, 5. shown in Fig. 4, 5. 











Puc. 4. [lopepxnoctTb pa3pyllieHua Ce4deHHA 9KCIICHTPHKOBOTO Basia 
CO cyleqaMu CBapKH 110 WepHMetTpy 


Fig. 4. The fracture surface of the eccentric shaft cross area 
with traces of welding around the perimeter 





Puc. 5. [lopepxHoctTsb pa3pyllieHua Ce4YeHHA SKCI[CHTPHKOBOLO Balla 
C 30HOM YCTaJIOCTHOrO pa3pyleHHA UW OIOMa 


Fig. 5. The fracture surface of the eccentric shaft cross area 
with fatigue fracture area 
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ITAalibl u MeTOMKa ipoBelqeHusn 
TexXHHYecKOH 9KcHepTH3bI. Ilpu u3ysennu 
(pPOTOMaTepHasIOB ObWIO YCTaHOBJICHO, 4TO 


pa3pylleHue NpOH30IIO MO rasiTeimM Mepexoya c 
MaMetTpa 260 MM Ha JMametTp 280 MM B ceyeHHH, 
TepleHIMKYJIAPHOM OcH Basia (puc. 6) [2]. 


The stages and technique of technical 
expertise. When studying the photographs it was 
established that the destruction occurred at the 
fillet transition from the diameter of 260 mm to 
section 


the diameter of 280 mm in a 


perpendicular to the axis of the shaft (Fig. 6) [2]. 





Puc. 6. DcKW3 SKCIICHTPUKOBOLO Basia WIeKOBOH ApoOusKu CM/JI-111 


Fig. 6. Design of the eccentric shaft jaw crusher SMD-111 


Ha MoBepxHOCTH pa3pylieHHa Ce4ueHHA Basia 
MOXKHO BbIJCJIUTb TOU XapakTepHble OOAacTU: 

e oodsactb A — cileybl cBapKu (HaliaBKi) 
10 WepUMeTpy Basa TOMMMHOU OKOO 10-12 MM; 


e ooOnactb b — 30Ha ycTamOCcTHOrO 
pa3pylmleHua TWIOWAbIO OKOJIO 70% 
lomepeuHoro ceyeHua Bayla (riaykas, 
OKHCJICHHad, C XapaKTepHbIMH JIMHHAMU 


YCTaJIOCTH, BOJIHOOOpa3HO pacxOJAIIMMUCA OT 
ouara pa3pylleHus); 

e oOsacTb B — 30Ha OcTaTOUHOrO pa3pylleHHA 
(0IOMa) CeYeHHA Balla WIOWAatbio OKONO 30% 
omepeyHoro ceyeHHaA Basia (CBeTIOrO IBeTa Cc 
KPYHHO3epHHCTOH CTpyKTypov, He OKMCIeHHad, 
WMeeT pajMaIbHblIe pyOllbl, XapakTepHble JIA 
ObICTpOro pa3spylieHHA Metasuia) [5]. 

YcTaHOBJIeHO, 4TO TPOW3BOJIMJICA PCMOHT Basia 
IyreM HaluiaBKH WIeHKH Bala CBapKOH C 
TOCIeyIOWleH MexaHW4ecKOu OOpaooTKON B WepHvoy 
mo 2014 roa, 4ro TosTBep»xKaercA HaM4WeM 
CIeOB OKHCIIeCHUA Ha HalWiaBIeHHOM MOBepXHOCTH. 
DaktT PeMOHTa IKCIICHTPHKOBOTO Bala 
HOTBep»xKaetca (hOTOMaTepvanaMu MW WOKa3aHuaAMu 
OOcITyKUBAFOINero §=—- We pCOHavia. Ha cpe3e 
TIOBEpXHOCTH pa3pylIeHHA TO KOHTypy UMerOTCA 
Cleqbl HalMllaBIeHHOrO 3BICKTPOAYrOBOH CBapKON 


Metasia (puc. 5). Ha nopepxHoctu o0padoTaHHOH 


SsS-journal.ru/ 


Three characteristic areas can be found on the 
surface of the shaft fracture: 

e area A — traces of welding (surfacing) 
around the perimeter of the shaft with the 
thickness of about 10-12 mm; 

e area B — area of the fatigue fracture of 
about 70% of the area of cross section of the shaft 
(smooth, oxidized, with the lines of fatigue, 
coming in a wavelike manner from the hearth of 
destruction); 

e area C - area of the residual destruction 
in the shaft of about 30% of the area of cross 
section of the shaft (light color with a coarse 
not oxidized, has radial 


Structure, Scars, 


characteristic to rapid destruction of the metal) 
[5]. 

It was established that the shaft repairing 
was conducted by the shaft neck welding with 
subsequent mechanical treatment up to 2014, 
as evidenced by the presence of traces of 
oxidation on the weld surface. The fact of the 
repair of the eccentric shaft 1s confirmed by 
photographs and the testimony of staff. On the 
cut surface of the fracture there are traces of 
the weld arc welding of metal along the 
contour, (Fig. 5). On the surface of the shaft 


_—- a 
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IWeWKH Bala BUHbI TMOBCPXHOCTHbIe [Opbl OT 
WIEKTPOAYrOBOH CBapKU (puc. 7). 


neck surface pores from arc welding are 
visible (Fig. 7). 





Puc. 7. [lopepxHOcTHble NOpsI OT 3IEKTPOAYrOBOU CBapKUu 


Ha MOBepXHOCTH OOpadoTaHHON WieHKU Basia 


Fig. 7. Surface pores from arc welding on the surface of the shaft neck 


PeMOHT 3aKJIKOUaJICA B HalllaBKe MeTaia Ha 
IeHKy Bala C IOMOLMIbEO DJIEKTPOAYrOBOH CBapKH C 


MOcuIeyroulev 
CBapHoro Ba, 4TO 


MexaHiyeckon oOpadoTKoi 


coenao HeBHTMMOn 
yCTasIOCTHY?!0 TpellMHy B ero «Tese>». 

TexHWuecKOl 3KCIepTv3e TakoxKe MOBeprayIMcb 
NOJUIMMHUKU, KOTOpble ObLIM YCTAHOBJICHBI Ha Ball 
BO BpemMa pemoHTa. M3 Hux TPH POIMKOBBIX 
NOWWMMHUKAa — HOBbIC, e:eKTbI OTCYTCTBYIOT. 
OJMH POJIMKOBIN MOUMIMMHUK UMeeT edeKTbI B 
Bue BbIKpalliMBaHuaA IOBepXHOCTH kayeHHA 
BHYTpeHHUX OOOMM U pomMKoB (puc. 8). Ipwannor 
BOSHHKHOBeCHHA = TaKOTO 


nemekTa sABMIIACb 


TOBbIMIeHHad (BbINIe MpOeCKTHBIX 3Ha4eHHi) 


Harpy3Ka Ha ogqumMmHuK. Ha 9%9TOM xe 


HOAMWIMITHUKe UMCCTCA ned CKT B BUAC 


packalIbiIBaHua OOKOBOM WOBepxHocTH peOpa 


BHYTpeHHeit OOoMBI (puc. 9). [IpuunHoi yedexta 


(yqap 
Tipowecce 


SABJIACTCA MeX@aHW4eCKOe BO3eCMCTBHE 


HelocpeyICTBeHHO HO KOJIbILY) B 


JI@MOHTaxKa NOAWMNHNKa [6]. 
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The repair included metal welding on the shaft 
neck with the help of arc welding with subsequent 
mechanical treatment of the weld that the fatigue 
crack in it was made invisible. 

Technical expertise was also conducted on the 
bearings that were installed on the shaft during 
repairs. Three of roller bearings are new with no 
defects. One roller bearing has defects in the form 
of pitting of the bearing race of the inner race and 
rollers (Fig. 8). The cause of such a defect was the 
raised (higher than the design values) load on the 
bearing. At the same bearing there is a defect in 
the form of cracking of the side surface of the 
inner cage edge (Fig. 9). The cause of this defect is 
the mechanical impact (impact directly on the ring) 


in the process of dismantling of the bearing [6]. 














Puc. 8. JledexkTI B BUe BEIKPallIMBaHuA MOBeEpXHOCTH KayYeHHA BHYTPeCHHHX OOOMM HU POJIMKOB 


Fig. &. Defects in the form of pitting of the bearing race the inner race and rollers 





Puc. 9. JledekT B Bue packasIbIBAHHA OOKOBOM MOBeEpXHOCTH peOpa BHYTpeHHel OOOMMBI 


Fig. 9. The cracking of the side surface of the inner cage edge 


Ilo BHelIHeMy BUY WeKOBOH ZpooOunKu CM/JI- According to the appearance of jaw crusher 
111, mpeqcTaBieHHOH [Ia OCMOTpa 9KCTIepTaM, SMD-111, presented for inspection to the experts, 
TCXHHYCCKO COCTOAHHE ObIIO OL[CHEHO Kak the technical condition was assessed as "healthy" 
«padoTocnocoGHoe»’ H «HeHcHpaBHoe» [7]. Ho and "faulty" [7]. According to the appearance the 


BHCIUHCMY BHAY CHCTCMa TpeTOxpaHCHvA OT 


PaOotocnocobHoe cocTosHHe (paboTociocobHocTb) — cocTosHve OOBeKTAa IIpH KOTOPOM 3Ha4deHHA BCeX MapaMeTPOB, XapaKTepH3YIOMWIMX CIOCOOHOCTB 
BBINOTHATh 3aaHHble (yHKIMH, COOTBETCTBYIOT TpeOoBaHHAM HOPMAaTMBHO-TeXHHYecKOM WM (HIM) KOHCTPyKTOpCcKOH (MpoeKTHOM) OKyMeHTAaIIMH. 
Hepadorocnoco6Hoe cocTosHuve (HepaboTocnocobHocTb) — cocTOsHHe OObeKTA, IPH KOTOPOM 3HadeHHe XOTA ObI OAHOO MapaMetpa, xapakTepH3yrollero 
CHOCOOHOCTb BBITOJHATh 3aaHHble (YyHKIIMH, COOTBeETCTBYIOT TPeOOBAaHHAM HOPMATMBHO-TexHu4ecKOH WM (HIM) KOHCTPyKTOpCKON (MpoeKTHO!) 
WOKYMeHTAallMu 
° UcttpaBHoe coctosHuve (UcipaBHocTb) — cOocTosHHe OObeKTa, IPH KOTOPOM OH COOTBETCTByeT BCEM TpeOOBaHHAM HOPMATHBHO-TeXHHYeCKON UH (HII) 
KOHCTPYKTOPCKOH (MpoOeKTHOM) JOKyYMeHTalMn. 


HenucnpapHoe cocTtosHuve (HevcnpaBHOcTb) — cCocTOsHHe OObeKTAa, IPH KOTOPOM OH He COOTBeTCTByeT XOTA ObI OHOMY H3 TpeOoBaHHi HOPMaTHBHO- 
TEXHHYeCKOH UH (HIM) KOHCTpyKTOpCKOH (MpoeKTHOM) JOKYMeHTAaLlMH. 
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lleperpy3KH pH nonayqahuu HespoOusbHOrO 
Tella HaXOJMTCaA B «HeEHCIpaBHOM)> COCTOAHUHM 
(oOopBaH OOJIT, 


mpyxuHa) [4]. 
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load safety system is "faulty" if an object which is 
impossible to crash gets into it (one bolt is 
broken, one spring is missing) [4]. General view 


of the system is shown in Fig. 10 





Puc. 10. Cuctema npegqoxpaHeHna OT Teperpy3KH B “HeEMCIIpaBHOM>» COCTOAHHU 


(OOOpBaH OHH OOJIT, OTCYTCTBYeT OHA Npy2KuHa) 


Fig. 10. Load safety system in "faulty" condition 
(one bolt is broken, one spring is missing) 


CMJI-111 6s 
YCTAHOBJIeCH IICKTPOABUTaTesIb MOWHOCTHIO 160 
750. CorsacHo 
TeXHHYeCKUM XapakKTepHCTHuKaM 


Ha mekospoi po0Onmke 


KBT, 4HcHO OOO0poTOB — 
TlaCIlOpTHBIM 
MOIMHOCTh JIBHTaTesIf OCHOBHOrO I[IpHBosa 
WouKHa coctaBiaTb 90 KBr. JlokyMeHTauMa, 
NOATBepKTaroMlad WpoBeyeHve PeKOHCTPyKUMU 
WekoBow WpoOunku CM/JI-111 tyrem 3ameusi 
WBurateA OOUbIUIeH MON[HOCTH, OTCYTCTBYEeT. 
Ilepeqaua KpyTalljero MOMeHTAa OT JBHTaTeslaA K 
9KCIICHTPHKOBOMYy BaJly UleKOBOH pooOusKU 
CMJI-111 
KJIMHOPeMeHHON Hepeya4v BMeCTO BOCEMH. 


3akroueHne. Ha ocHoBaHHu  aHasin3a 
IIPe€ACTaBJICHHBIX JIOKYMeCHTOB, IpoOBeJJeHHOTO 
OCMOTpa HM HUCCICJOBAaHHA DIKCIeEPTOB CJIe/IaHbl 
cileyrolme BbIBOBI [4]: 

1. B nepwoq oOKaTKH UM DSKCIIyaTauMu B 
TeyeHHve 33 “Hew UWMeNO MeCTO Tonaqannue 


OCYIIeCCTBIAeCTCA JBYMA PpeMHAMU 


Jaw crusher SMD-111 has the motor of 
power 160 kW, rpm — 750 installed in it. 
According to passport specification the engine 
power of a main drive shall be 90 kW. 
Documentation of the reconstruction of the jaw 
crusher SMD-111 by replacing the engine to a 
more powerful one is missing. Torque 
transmission from motor to eccentric shaft of 
jaw crusher SMD-111 was conducted by two 
V-belts instead of eight. 

Conclusion. According to the analysis of the 
submitted documents, examination and experts 
research the following conclusions were made 
[4]: 


1. In running-in period and operation for 33 


1 
Healthy state (health) — the state of the object in which the values of all the parameters characterizing the ability to perform specified functions, meet the 


requirements of normative-technical and (or) design (project) documentation. Inoperable (broken) — the state of the object, wherein the at least one value of 
the parameter characterizing the ability to perform specified functions, meet the requirements of normative-technical and (or) design (project) documentation 


2 
Good condition (serviceability) — the state of the object at which it meets all the requirements of normative-technical and (or) design (project) 


documentation. 


Faulty condition (fault) — the state of the object at which it does not meet at least one of the requirements of normative-technical and (or) design (project) 


documentation. 








HeqpoOuMoro MaTepHasia B IWIeCKOBYIO JpoOMIKy 


CMJI-111, uro tmpuBero kK BO3HHKHOBeCHHIO 
Harpy30K, 3HadUTeJIbHO IIPCBBIMMAFOMIHX 
HOPMaTHUBHBIe. 

2. Ilpou3sBoquica KalluTasibHbId PpeMOHT 


QIKCIICHTPHKOBOTO Basia MyTeM HallaBKH WenKH 
Bajla 3IEKTPOAYrOBOH CBapKON C MOceXyrollen 
MexaHHyecKOH oOOpadoTKOH. PemMoHT cyelal 
HeEBUAMMOM BHYTPeCHHIOHKO YaCTb yCTasIOCTHOM 
TpellMHbI B <«TesIe>> IKCIECHTPUKOBOrO Balla. 
KOHTpoOJIb Basia Hepa3pyllarlolwMMu MeTOaMH He 
IIPOBOAWJICA. 

3. Ha OHOM )pOJIMKOBOM  TIOJMIMMHUKe 
WMeIMCh = jleeKTbI B BHC BbIKpallluBaHHA 
TOBepXHOCTH KavyeHHA BHYTPeHHHX OOOMM HU 
ponmukos. IIpwunHo BO3HHKHOBeHHA edeKkta 


ABMIaCh =«©TIOBBIMIeCHHad = (BITE 3) APOC KTHBIX 
3HayeHHH) Harpy3Ka Ha MTOMIMMHHK 43-34 
yCTaHOBKH IBMTaTesId MOI[HOCTbIO _ BBIILIe 


IaCHOPTHBIX XapaKTepHCTHK HM HeUCIpaBHOCTU 
MYQTHBI IpeyeIbBHOrO MOMEHTA. 


4. Jeext packaJIbIBaHHud OOKOBO 
IOBepXHOCTH peOpa BHYTpeHHeH  OOOMMBI 
NOWHNHnKAa oOpa30BalIcAa BCJICICTBHe 
MexaHH4ecKoro BO3CHCTBHA (yap 
HeIOCpeJICTBeHHO 0 KOJIbILY). 

5. TexHuyeckoe  cocTosHHve IUIeCKOBOY 
mpoOumku CMYJI-l11 Obm0 omeHeHO kak 


«padoTOCHOCcOoOHoe» HW «K«HeEHCHpaBHoe» [7]. 

6. OQeKTpOBUTaTesb, YCTAaHOBJICHHBIN Ha 
WeKOBOH Apodumke CMJI-111 (wompocts 160 
KBT, 4uCcIO Obo0poToB — 750), WpeBbicu ee 
IaCHOpTHble XapaKTepHCTHKH, 4TO TIpHBesIO K 
BO3HUKHOBCHHIO Harpy30Kk, 3HaYMTeJIbHO 
IIPeBbIMMArOMNIMX HOPMATHBHBEIe. 

Ha OCHOBaHHH BBbINOJIHCHHOMW TeXHHYeCKON 
OIKCIePTH3bI COCTABJICHO 3aKIIOUeHHe O NpH4nHe 
pa3pyMIeHHA 9SKCICHTPHKOBOTO Balla U[eKOBOM 
mpoOumku CM/JI-111, a umMenuo: «J[imtTenbHaa 
OKCIIyaTauua WeKOBOH ApoOusKu CMYJI-111 B 
TeyeHHe 8 JIeT, C Harpy3KaMu, MpeBbIllarollu4Mu 
IIaCHOpTHBIe, lipuBesa K ucuepnaHuro 
pacueTHOro pecypca 9SKCITCHTPHKOBOTLO Balla)». 

CnocoOcTByrolluMu (bakTOopamMu UcyepnaHudt 
pecypca sBusmMcb [6]: 

e HeKavyecTBeHHbIi TIpeWecTB YON 
PeEMOHT 9SKCICHTPHKOBOrO Balla IyTeM HalwiaBKu 
IeHKHU 93ICEKTPOCBapKOH Cc  mMocsIeqyrollev 
MexaHHyeckKoH oOOpadoTKOH, 6e3 MpoBewzeHusA 
Hepa3pylarolero KOHTpOWA; 

e <«HeHCIIpaBHoe» TexXHWYecKoe COCTOAHHE 
CHCTeMbI lpeyqoxpaHeHuax OT eperpy3Ku U 
IIOBBIIMIeCHHOe HaTsKeHHe pemHelt 
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days the non-crushable material got into the jaw 
crusher SMD-111 that led to loads significantly 
exceeding the standard. 

2. Capital repair of the eccentric shaft was 
made by shaft journal welding by arc welding 
followed by mechanical treatment. Repairs made 
invisible the inner part of the fatigue crack in the 
body of the eccentric shaft. Shaft control was 
conducted using non-destructive methods. 

3. One roller bearing had defects in the form 
of pitting of the rolling surface of the inner race 
and rollers. The cause of the defect was the raised 
(above the design values) load on the bearing due 
to the installation of a more powerful engine than 
described in the specification and faulty slipping 
clutch. 

4. The cracking defect of the rib side surface 
of the inner bearing race is formed as a result of 
mechanical impact (impact directly on the ring). 

5. The technical condition of jaw crusher 
SMD-111 was assessed as "healthy" and "faulty" 
[7]. 

6. A motor mounted on jaw crusher SMD-111 
(capacity of 160 kW, rpm — 750), exceeded its 
passport characteristics that led to _ loads 
significantly exceeding the standard. 

Basing on the conducted technical expertise 
the conclusion was made about the fracture cause 
of eccentric shaft of jaw crusher SMD-I11, as 
follows: "Long-term operation of jaw crusher 
SMD-111 during 8 years, with loads exceeding 
the specification, led to the exhaustion of 
estimated resource of the eccentric shaft”. 

The factors which contributed the exhaustion 
of the resource were [6]: 

e poor previous repair of the eccentric shaft 
by neck welding with subsequent mechanical 
treatment, without carrying out non-destructive 
control; 

e the "faulty" technical condition of the load 


‘a eer 


a 





KJIMHOpeMeHHON Mepeayuu; 

e yCTaHOBKa 9JIEKTPOJBUTaTesA C 
MOL[HOCTbIO u 4HCJIOM OOOPOTOR, 
IIPCBBIMNAIOIMIMMU MWacilOpTHble XapakKTepHCTUKH. 


BBIBOJIbI. IIpopeqeHHaa TexHuyecKar 
9KCHepTH3a MO3BONMIAa CeaTb BbIBO, O TOM, 
4YTO Harpy3KH, 3HAYHMTeJIbHO I[peBblilarollue 
HOPMAaTHBHBIe, CIOCOOCTBOBaIH 3ap02KJCHHIO 
yCTaJIOCTHOH TPpelllMHbl, pa3BHTHIO ee 0 
KpHTM4eCKOrO 3HaAYCHHA 86C ~~ 6 MOCIIeCYIOUMM 
TIOJIHbIM pa3pylleHHem B lIpomecce 
9KCIIyaTallun. 
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safety system and the raised tension of V-belts; 
e installation of a more powerful motor with 


rotations, which exceeded specifications. 


Summary. The conducted technical expertise 
made it possible to conclude that loads that 
significantly exceed specifications contributed to 
the appearance of fatigue cracks, developing it to 
a critical state followed by the complete fraction 


in the process of operation. 
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HPHPOTOBJIEHHE 
NMOBPOKAYECTBEHHOTO KOPMA JILJIA 
7KUBOTHbIX U3 OTXOJIOB 
MEPEPABOTKH BETETATHBHOU 
MACCHBbI JIFOUEPHBI 
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IIpeqcTaBuIeHbI pe3yibTaTbI pa3spaOoTKH cmocoba 
HOJYYeHUA KOPMA JIA %X%KUBOTHbIX H3 OTXOJIOB 
TlepepaovoTKW JIMCTOCTeOeIbHOM MaCCbI JIFOLLepHbI 


KYJIbTyp 
IIpupeyeHsl 


C YCHOJIBSOBAHHCM IITAaMMOB 


MOJIOUHOKHCIIBIX OakTepui. 
XMMUMYeECKHM COCTaB UW 9HeEpreTH4eCcKad ITCHHOCTB 
mouyueHHoro KopMa. Ilouy4ueHHbIe pe3yJIbTaThI 
TMO3BOJIMIM cCilelaTb BbIBOA, 4TO CoueTaHHe 


MexaHHyeckoro oO0e3BO2%xKHBAHHA pacTHTesIbHOU 


Maccbl JIOUepHbE TO 60 % BiaKHOCTH C 
TOCJICLYFOULUM BBeTCHHeM KYJIBTyp 
wakTOOaKkTepun TO3BOJIACT WOJLy4aTb 
WOOpoKayecTBeHHbI KOPM JIA %2XKBadHbIX 


X2KMBOTHDIX. BbIABJICHO AKTHBHOE HU HalipaBJICHHOe 


BJIMAHHE cMecu IITaMMOB KYJIbTyp 
jakTOOakTepuit Ha TeyeHHe 
MUKpOONOOrM4eCKHX u OMOXHUMU4eECKHX 


IIPOWeCCOB B KOHCepBUpyeMON 3eJIeHOM Mmacce 
MFOLLEpHbI, WOAaBICHHe pasBUTHA HExXKeaTesIbHOU 
MUKpodmsIoOpsl, 


co3qaHue yCJIOBHU JIA 


JJIMTeCIbHOrO  XpaHeHHA TIMTaTeIbHbIX MU 
OMOJIOrM4eCKM AKTMBHBIX BellecTB B KOpMe. Ilo 
MMmWeBOow WU 9HepreTHYeCKOH  I[CHHOCTH, 
COJepxKaHHO IIPOYKTOB OpoxKeHHA MOJYYCHHbI 


KOPM COOTBETCTBOBAaJl TpeOOBaHHAM K CeHaxy 2 


Kylacca. 

KoroveBbie = CJI0Ba: BereTaTHBHad Macca, 
TPYTHOCHJIOCYeMBIe KYJIBTYDPBI, CeHax, 
MOJIOUHOKUCIble + OakTepHW, COXpaHHOCTb U 


KaYeCCTBO KOPMa. 
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HIGH QUALITY ANIMAL FEEDSTUFF 
PRODUCTION FROM ALFALFA 
VEGETATIVE MASS WASTE 
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I. I. Gaynutdinov 
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The paper provides the development results 
of the method for animal feedstuff production 
from alfalfa cormophyte mass waste using 
lactobacillus cultures. The article shows the 
chemical composition and energy content of 
the resulting feedstuff. These results led to 
the conclusion that a combination of 
mechanical dewatering of alfalfa plant mass 
to 60% of humidity followed by the 
introduction of lactobacilli cultures produces 
good feedstuff for ruminants. The authors 
have found out active and _ directional 
influence of lactobacillus cultures strains on 
microbiological and biochemical processes in 
alfalfa 


Suppression of 


the preserved green mass, the 


unwanted microflora 
development, creation of the conditions for 
nutrients and 


long-term storage of 


biologically active substances in_ the 
feedstuff. The produced product meets the 


2nd class haylage requirements to energy and 


nutrition value and the content’ of 
fermentation. 
Keywords: vegetative mass, difficult silage 


cultures, haylage, lactic acid _ bacteria, 


preservation and quality of feedstuff. 
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BBejzenne. AKTYyaJIbHbIM BOIIPOCOM 


YIY4MIeCHHA KOPMOBOM Oa3bI B 2%KXHBOTHOBOJICTBE 
ABIIAeCTCA CHMKeHMe Teduluta Oeska B KOpMax, 
paljMoHasIbHoe, 


KOMITICKCHOC HCIOJIb3OBAHHC 


PpaCTUTeCJIbBHOrO CbIpbdA. OwHUM W3 pCaJIbHbIx 


yTeiw B pelleHHu poOsemMbl coKpallleHua 
nedumuta Oeuka B palluoHax 
CeJIbBCKOXO3AMCTBCHHBIX %KHBOTHBIX = MO2XKeT 


ABUTBCA IIPWrOTOBIeHHe MOOPOKayeCcTBeHHEIX, 
IKOJOFHYeCKH Oe30MaCHbIX KOPMOB H3 OOOOBBIX 
TpaB, OOaqaroliux BbICOKOH MHTAaTesIbHOCThIO. 
Handonee mepcneKTHBHOM KYJIbTypow WIA 
KOMIMICKCHOM TepepaOoTKH ABJIACTCA JIFOWepHa. 
OOsalai BbICOKOM ypoxKaNHOCTbIO, BbICOKHM 
coyepxKaHveM OMOOrMYeCKH MOJIHOMeHHOTO, 
erKOMepeBapuMoro TMpoTenHa, pa3HooOpa3vemM 
MUHepasIbHbIX BeIIeCTB HM BUTAaMHHOB, 3e/1eHad 
Macca JIFOIIepHbI MO%#KeT MpMMeHATBCA IA 
KOPMJICHHA 2KUBOTHBIX B CBe%KeM BHJe, B BUTE 
ceHa eCTeCTBCHHOHW WM UCKYCCTBCHHOM CYIIKH, 
MYKH, cusoca, ceHarxa [1]. 
OoOOBbIX 


buomacca ABJIALOTCA 


KYJIbTYp 
TPYHHOCHJIOCYeMbIM CbIPbeM 43-38 BbICOKOFO 
cofjepxKaHua WpoTenHa U BOLbI. IIpuroropsmeHue 
WOOpokauecTBeHHOro 


3 Hee kKopMa, 


He3HayUTeJIbHO ycTymMarolero UCXOHOM 


BereTaTHBHOU MacCC@, BO3SMOXKHO TOJIBKO ITOCJIC 


IIPOBAIMBaHHWA C TOCIeEXYIOWIMM BBeJIeHHeM 
KOHCepBaHTos [2]. 
CeHaxkupoBaHue KOPMOB TlO3BOJIACT 


KOHCe€pBUpOBaTb TPyYJHOCHJIOCYeMbIe pacTeHHA C 


HH3KYM COJCDXKAHHCM Caxdapa U BbICOKUM 


coflepxaHvemM Oeka. Jina tUpuroroByeHua 
CeHaxka BereTaTHBHYIO MacCcy IOJBAJIMBaIOT B 
e€CTECTBCHHBIX YCJIOBUAX JO BIIAXKHOCTU 45—55 %, 
TO eCTb 4O du3uonorMmuecKOH cCyxocTu, pu 
KOTOpOHM OakTepHasIbHble MpOLecchl B CKOLMCHHOM 
Macce He pa3BUBaIOTCA, a 3ATeM 3aKkJIabIBaFOT Ha 
XpaHeHHe B aHadpoOHBIx (6e3 WOCTyMa BO3yxa) 
yCJIOBHAX. CeHaxkK XOpOo xpaHutca pu pH 4,8— 
5,1 [3]. 

Ha state IpOBAIMBaHHA OMOMACCHI B KJIeTKaX 
pacTeHuM MOBbIMMAeTCA OCMOTHYeCKOe aBIeHHe, 
4TO 3aTpyIHAeT, HO He IpekpatjaeT pa3BuTue 
MUKpoOnoorMyueckux Wpoueccop. B  kseTKax 


IIPOBAJICHHBIX pacTeHun IIPOUCXOJMT 
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Introduction. The reduction of protein 
deficiency in feedstuff, the rational, integrated 
use of vegetable raw materials are the urgent 
issues of improving the feedstuff base in farm 
animal production. One of the ways to solve the 
problem of reducing protein malnutrition in the 
diets of farm animals can be the production of 
high quality, environmentally safe feedstuff 
from leguminose grasses with high nutritional 
value. The most promising crop for integrated 
processing is alfalfa. 

Possessing high yield, high content of 
biologically valuable, easily digesting protein, a 
variety of minerals and vitamins, alfalfa green 
mass can be used for animal feed fresh, as 
natural and kiln-dried hay, flour, silage and 
haylage [1]. 

Biomass of legume crops 1s ensilaged with 
difficulty raw material due to its high protein 
and water content. Production of high quality 
feedstuff, 


vegetative mass is possible only after drying 


slightly inferior to the original 


followed by the introduction of preservatives 


[2]. 

Haylage production allows preserving 
ensilaged with difficulty plants with low sugar 
content and high protein content. To make 
silage vegetative mass is slightly dried in natural 
conditions to a moisture content of 45-55 %, 
that is, to physiological dryness, in which 
bacterial processes in cut down mass do not 
develop and then it is stored in anaerobic 
(without air) conditions. The silage stores well 
at pH 4.8—5.1 [3]. 

At the biomass drying stage the osmotic 
which 


complicates, but does not stop the development 


pressure increases in plant cells, 
of microbiological processes. In dry cells of 


plants there is an accumulation of easily 
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HaKOMJIeHHe JICTKOTHIPOM3yYeMBIX YIJICBOJOB 
Onaroqapx UcilapeHuio u (depMeHTaTHBHOMYy 


paciijensIeHuto KpaxMasla u pyrux 
MOuMCcaxapu OB. 

BricoKoe OCMOTHYeCKoe jJaBsIeHue 
KJI€eTOUHOrO COKa TIOBAJICHHBIX pacTeHHi 
CIOCOOCTBYyeT pa3BUTHIO MOJIOUHOKUCIIBIX 
OakTepHH, KOTOpbIe OOpa3syIOT MOJIOUHYFO 
KMCIOTY, WOKMCIAOUtyIo §6KOpM.  LilTammpr 


OONTAIOLNIMX B CeHaxKe MOJIOUHOKMCIJIbIX OaKTepui 
Oomee KHCIIOTOYCTOMYMBbI, YEM CHJIOCHbIe. OHU 
pa3BUBarFOTCA pM KOHIJCHTpalMu caxapoB JO 
80% HW BbILepxKUBAaIOT KOHUeEHTpaH1o NaCl yo 8— 
10%. 
AHTHOHOTHYCCKON AKTHBHOCTBIO 110 OTHOMIeCHHIO 


MosouHokucyible =OakTepuu oOsIayaroT 
K YTHWIOCTHBIM OakTepHAM HW OCMOTHUeCKOM 
YCTOMYUBOCTbIO, 3HAYMTeCIbHO IIpeBocxoAllev 
OCMOTHYeCKyI0 


YCTOMYMBOCTb HMOCJICHHUX, 


BCJICICTBHe ero YTHWJIOCTHbIC OakTepuu B 
CceHaxke IIpakTH4eCKH He BcTpeyaroTca [3] 
KoHcepBupoBaHve ceHaxka jlocTuraeTcaA B 
pe3yibTaTe OHWKeHHOM BJIaKHOCTH- B 
IIPOBAJICHHbIX pPpaCTeHHAX, KOTra OOJbIMMHCTBO 
OakTepHi u3-3a (du3nHoN0rM4ecKOM CyxOcTH 
CpeybI He MOryT H3Be4ub BOY, HeEOOXOTUMyrIO 
JId WHTCHCHBHOrO pa3BHTHA UW evcTBHA 
yMokcuya yruepoga (CO), cimocoOcTByrollero 
CO3qaHHIO B KOpMe aHadspoOHBIX YCJIOBHM. 
BogoyaepxKuBatollad CHa PaCTHTeJIbHbIX KIICTOK 
mpu BaaKHOCcTH 50-55% coctTaBiaeT 52 aTM, a 
MaKCHMalIbHad cocyllat cua OObIIMHCTBa 
OakTepHuw — oxKomo 50 atm [4]. IIpu taxon 
BJIaKHOCTH He MOryT pa3BUBaTbCsA FHWJIOCTHBIe U 
OakTepuu, HO 


MaCJIMHOKUCJIBIC MYHTCHCHBHO 


Pa3BUBaKOTCH IWWJIeCeHH, KOTOpbie oOOaartoT 
cocyljew cuson cBpmle 200 arm. Ux pa3BuTue 
MOKHO IIpeOTBpaTHTb TUaTesIbHOH H30AlMen 
OMOMAaCChI OT BO3yxa. be3 WocTyna KuCHOpora 
IIpekpatllaeTca JbIXaHHe PaCTUTEJIbHBIX KIICTOK U 
BO3MO?KHOCTB 


YCTPpaHAeC}TCa HaKOIWJICHHA 


TePMOMMWJIBHBIX OakTepuh, BbI3bIBAFOIIMX 


pa30rpeB MaccBl. 

JloOpokayecTBeHHbIM CeHakK, B OTIM4ME OT 
ceHa HW cHoca, 00 (MH3HKO-XHMM4eCKHM HU 
KOPMOBbIM JIOCTOMHCTBaM OJIM30K K 3e/ICHOM 
mMacce OcHOBHEIe ero 


Tpae. MOCTOWHCTBAa 
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hydrolysed carbohydrates through evaporation 
and enzymatic decomposition of starch and 
other polysaccharides. 

The high osmotic pressure of dried plants 
cell sap contributes to the development of lactic 
acid bacteria, which form lactic acid, acidifying 
the feed. Strains inhabiting the lactic acid 
bacteria haylage are more acid resisting than 
silage ones. They develop’ when __ the 
concentration of sugars is up to 80% and can 
withstand NaCl concentration up to 8-10%. 
Lactic acid bacteria possess antibiotic activity 
against putrefactive bacteria and osmotic 
resistance, much higher than the osmotic 
resistance of the latter that is why the 
putrefactive bacteria can’t be met in the silage 
[3] 

Haylage preservation is achieved as a result 
of low humidity in dried plants when the 
majority of bacteria because of physiological 
dryness of the environment cannot get water 
which is necessary for intensive development 
and the action of carbon dioxide (CO2), 
contributing to the creation of anaerobic 
conditions in the feedstuff. The water-retaining 
power of plant cells at a humidity of 50-55% is 
52 ATM, and the maximum suction force of the 
most bacteria 1s about 50 ATM [4]. With such 
moisture putrefactive and butyric bacteria 
cannot develop, but different types of mold are 
rapidly developing, which have sucking force of 
more than 200 ATM. Their development can be 
prevented by a careful isolation of the biomass 
from the air. The lack of oxygen stops the 
respiration of plant cells and eliminates the 
possibility of accumulation of thermophilic 
bacteria causing mass heating. 

High quality haylage, unlike hay and silage, 
and feed 


according to physico-chemical 
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3akIOUaIOTCA = B He3HAUHMTeJIBHbIX IMOTepAX 
MMMTAaTeCJIbHbIX BeIIeCCTB pH MpvrorToBJIeHHH, 
XpaHeHHH UH XOpOllen MOeaeMOCTH 2KUBOTHBIMH. 

TpaJIMI[MOHHbIe 


TCXHOJIOTWU 3aVTOTOBKUY 


CUJIOCAa YU CCHaAKAa UMCrOT OTMHAKOBBIC 


TCXHOJIOPHMUCCKHWe Olle@pauwwuw — CKalliWvBaHie 


pacCTUTeCJIBHOTO CbIpbiA C YV3MCJIBYCHHOCM, 


TpaHCHOpTHpoBaHHe pacTHTesIbHOM Maccbl, 


3aklaqka B xXpaHusIMile, pa3paBHHBaHHe, 
yIIOTHeHHe UW TrepMeTu3aua. Jit ymnIOTHeHHA 
MacCCbI CTeCHMeCHb H3MCJIBYCHHA KaK JIA CHyIOCAa, 
Tak UW JIA cCeHaxka WrpaeT BaxKHYIO PpoOllb. 
CKOIIe€HHbIe Ha CHJIOC TpaBbl UH MPOBAJICHHBIe J1O 
BalaxHOcTH 60-70%, a ceHax — JO BilaxKHOCTH 
50-55% 


MallwHaMw Ha vacTHMubl QIMHOK 20-50 Mmm. 


W3MeJIbYalOT KOPMOYOOpouHbIMH 
OyHakoO Tp TpOBAJIMBaHHH HeEW30e2%KHbI BbICOKHE 
MOJIeBbIe MOTepH CaMOW I[eHHOW 4aCcTH pacTeHul 
— MOJIOJIBIX JIMCTbeB. 

CHH3UTb OMOMAaCCBI 


BJIAAKHOCTB MO2KHO 


MexaHH4uecKuM IIyTeM — [IpeccoBaHvemM. B 
pe3yiIbTaTe OTKUMA OHA pa3esIaeTCA Ha Mpecc- 
OCTaTOK u KJICTOUHbIN COK. B 
KOPMONPOH3BOJCTBe U3 KJIETOUHOrO COKa 


NHOIepHbI MO%KHO OyuaTbh MpOTeMHOBBbIC 
3eJICHbIC KOHI[CHTpaTbI JIA UCIOUb30BAaHHA B 
pallvoHax CeJIbCKOXO3AMCTBCHHBIX  %KHBOTHBIX 
[1,2]. B Buge NMOOOUHBIX MpOAYKTOB OOpa3yroTcA 
KOPHYHEBBIN COK MU BOJIOKHUCTHIN Mpecc-OcTaToK. 
Kopvi4HeBbIM COK MOKHO IIPHMeHATb B KadeCcTBe 
yHoOpeHua, Wpecc-ocTaToK pakTw4ecKH He 
UCIIOJIB3YeTCA. 

CoylepxKaHve IMTaTeJIbHBIX BeIIeCCTB B IIpecc- 
ocTaTKe HMwKe M0 CpaBHeHWIO C HUCXOHOU 
Maccow, HO OH oOOaqaeT 3HaUMTeIbHOM 
KOPMOBOM I[CHHOCTbIO, MCHbIMeCH BIaxKHOCTbIO U 
yIITY4IleHHOU CTPyKTypou, Y4TO CO31aeT 
TIpeAMOCbIIKH JJIt CeHaxkupoBaHua. B mpecc- 
OCTaTKe COJ[epxKUTCA MeHbINe OeJIKOB, KUPOB, 
KaIbuua, docdopa, 4eM B HMCXOHOM Macce, a 
KyleTuaTKa COCTaBIAeT OOJIbITyIO YacTb. OH 
MMEECT PAI, MPeCMMYIIeCTB: MeHbIMad BIAKHOCTb U 
CIpyKTypa, 


(pu3H4eCKHe CBOMCTBA MaccCbl TO3BOJIAIOT el 


YJTYUCHHaA YV3MCHHBIINCCA 


myumie yMIOTHATBCA. Kpome Toro, B HeM 


U3MCHACTCA CaxapO-IIDOTCHHOBOC OTHOUTCHHC, 
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qualities 1s close to the green mass of grasses. 
Its main advantages are in the minor losses of 
nutrients during production, storage and good 
eatability. 

The traditional technology of silage and 
haylage production has the same technological 
Operations: cutting plant material with the 
grinding, transportation of plant mass, 
prestorage treatment, leveling, compaction and 
sealing. To seal the mass the degree of grinding 
for silage and haylage plays an important role. 
Mown for silage grass and dried to a moisture 
content of 60-70%, and hay — to a moisture 
content of 50-55% is chaffed by fodder 
choppers into particles with a length of 20-50 
mm. However, the high field losses of the most 
valuable parts of the plant — young leaves are 
inevitable during drying. 

The moisture content of the biomass can be 
reduced mechanically by pressing. As a result of 
this the biomass is separated into the discard 
and the cell sap. Green protein concentrates for 
farm animals diets can also be obtained in 
fodder production of alfalfa cell sap [1, 2]. By- 
products are brown sap and fibrous discard. 
Brown sap can be used as a fertilizer, discard is 
almost never used. 

The nutrient content of the press discard is 
lower compared to the initial mass, but it has 
significant feed value, lower moisture content 
which 


conditions for haylage production. The press 


and improved _ structure, creates 
discard contains less protein, fat, calcium, 
phosphorus, than the original mass, and mostly 
consists of fiber. It has a number of advantages: 
lower humidity and improved structure; the 
changed physical properties of the mass allow it 
to better thicken. In addition, it changes sugar 


and protein ratio, as at pressing the cell sap 
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Tak KaK IPH OTKUMC B KJICTOUHbIM COK 


9KCTparupyetca OoubIUIe OeuKa, 4eM 


JICrKOPHUApOJM3VYeCMbBIxX YPJICBOJOB, a IOBbIMNTCHHOe 


CONCp2KAHHC WOCJICHHUX ABJIACTCA 
OaronpuATHbIM YCJIOBHOM AJA pasBUuTHA 
MOJIOUHOKUHCIJIBIX OakTepui Gt JTYAUIeCro 


3aKBallIMBaHHA KOpMa. 

B 9TOM CBA3H IeIbKO HacTOAMen padorTsl 
ABJIAJIOCb u3y4eHne BO3MO2KHOCTU 
IIPHTFOTOBICHHA JOOPOKayecTBeHHOrO KOpMa JIA 
Ce€JIBCKOXO3AMCTBCHHBIX 2KHMBOTHBIX H3 OTXOJIOB 
TlepepaOoTKH BereTaTHBHOM MaccbI JIFOIepHbI u 
olpeyemeHue ero SHEpreTHY4eCKON UM MMTaTesIbHaA 
I[CHHOCTH. 


CenaxKHpoBaHne I0J1yYYeHHOH C MOMOLIbIO 
OT2KHMAa OHOMACCHI IyTeM BBeJeCHHA KYJIbTyp 
MUKpOOpraHi3Mos. B 9KCHepUMeHTax 


MCIOJIb30BaIIaCb BereTaTHBHaA Macca 
CHHeErMOpu HOH JIKOWepHbI copta «Manprcka», 
CKOINeHHOM B (ba3e OyTOoHH3aIMu. BapnaHt 
3arOTOBKH CeHaxka cC _ IpesBapuTesIbHbIM 
YaCTH4YHbIM MeX@HH4YeCCKHM O0e€3BO27KHBaHHeM 
PaCTHTeENBHOTO CbIPbA OCJIORKHACTCA TEM, UTO 
CHH3HMTb BJIaKHOCTb 3eJICHOM Maccbl 0 
TpeOyeMou BeJIM4UMHbI pu 3akslayikKe B CeHax 
(45-55%) MexaHH4ecKHM ITYTeM CJIOXKHO. B 
lIpomecce ake MHOTOKpaTHOrO IIpeccoBaHHua He 
yiaeTca 


pa3pyMIMTb =BCe §=6 COKOCOep»Karue 


CTPYKTYpbI HM YMCHbINMTb BuaKHOCTh HWKe 59— 


60 %. 


SemeHaa MacCCa = JIFOLUCPHbI MOUTBeCplraslaCb 


OTKUMY C IONyYeHHeM [pecc-ocTaTKa Cc 
BIAKHOCTHIO 62,20 %, KOTOPbIM UCIIOJIb3OBAJICA B 
9IKCHepHMeHTax. 

IIpu tmpopeyzenun ucciueqOoBaHHM UW3ydasacb 


BOSMOXKHOCTbh HPHPOTOBJICHHA KOPMa H3 Hpecc- 


OcTaTKka (UTOMACCHI JIOIepHbI Ce yIOWMMu 
cmoco0amu: 
— ceHaxknpoBaHud IIpecc-ocTaTKa 6e3 


BBCUICHUA KOHCCPBHPYFOUINX arCHTOB, 
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= 


extracts more protein than hydrolyzable 


carbohydrates and the increased content of the 


latter is a favorable condition for the 


development of lactic acid bacteria and a better 
fermentation of the feedstuff. 

In this regard, the aim of this work was to 
study the possibility of high quality farm 
animals feedstuff production from the waste of 
processing of alfalfa vegetative mass and to 


determine its energy and nutritional value. 


Haylage production of the obtained by 
pressing biomass through introduction of 
microorganisms cultures. In the experiments 
the authors used vegetative mass of alfalfa 
"Manychskaya", cut in the budding phase. 
Haylage making with a preliminary partial 
mechanical dehydration of the plant material is 
complicated by the fact that it is difficult to 
reduce the moisture content of green mass to the 
desired value (45-55%) by mechanical means. It 
is impossible to destroy all the sap-containing 
structures and to reduce the humidity below 59- 
60 % even by repeated pressing. 

The alfalfa green mass was pressed and the 
press discard was obtained with a moisture 
content of 62.20 %, which was used in the 
experiments. 

In this research we studied the possibility of 
feedstuff production from alfalfa biomass 
discard in the following ways: 

— haylage production of press discard 
without the introduction of preservative agents; 


— conservation by introduction of the 


a 














— KOHCepBUpOBaHHA IlyTeM BBeJIeHHA CMeCH 
IITaMMOB KYJIBTYP MOJIOUHOKUCIIbIX OakTepui 


Lactobacillus, IIpPHOOpeTeHHBIX B 


poyja 
PocToBcKoM-Ha-JloHy IIPOTHBOUYMHOM 
WHCTUTYyTe. AKTHBHAaA KYJIbTypasIbHad XKUKOCTb 
BHOCHIacb B KONMUeCcTBe | % OT MaccBhI 
PaCTHTeJIbHOLO CBIPbA. 

Bruomacca 3akilaybipallacb Ha XpaHeHve B 
CTCKJIAHHbIC CMKOCTH, THaTeJIbHO YIIIOTHAIACh, 
3aKpbIBalaCh KPbIIKaMW C BOJIAHbIM 3aTBOPOM 
WIA OTXOTAUIMX Ta30B. basIOHbI MOMeMaIMCb B 
IlOJBaJIbHOe TloMellleHHe IIpu 
tla C. 


cocTaBlal 6 MecaueB. Ilepnoquuecku — 4epe3 


cpeHenv 


TemMilepatype Cpok coOxpaHHOcTH 
2, 4 u 6 MecalleB EMKOCTH BCKPBIBaJIMCb UH KOPM 


MOBeprasica XHMUYeCKOMY aHasI3y. 


XUMMMYeECKHMH COCTaB, 9HeEpreTHueCcKylO U 
IMTaTeIbHY!O I[CHHOCTb IOJIyaaeMOroO KOpMa 
OlNpeesAIM OOMWeMPMHATBIMH MeTOaMu [5]. 

VUcxoyHbIM TWpecc-ocTaTOoK M0 XHMHYeCKOMYy 
cocTaBy UM WoKa3aTeIaM 9HepreTu4ecKoH 
I[CHHOCTH COOTBETCTBOBall TpeOoBaHuamM HTITI 
AIK 1.10.11.001-00 «Hopmsi TexHosormyueckoro 
IIPOCKTHPOBaHHA XpaHWJIMI, cusIOca MU CeHaxKa) 
[6] uw POCT P 55452-2013 «CeHo u cenax. 
TexHuyeckuwe ycioBua» [7] kK  Onomacce, 
3aklabIBAaeMOH Ha ceHax (Tadd. 1). 

B mpecc-octatke, 3a102%KCHHOM Ha CeHax 0e3 
BBeJICHHA MUKPOOHOHM 3aKBaCKH, B IIporecce 
XpaHeHua Ovomacca He OOsIaala WocTaTOuHOu 
(pu3HONOrMYeCKOH CYXOCTbIO HM B Hel OBI 
OTMeYeHbI IWIecHeBeHve UM HasMune MaciIAHOM 
KUCJIOTHI, KOTOpble CHWKaJIM KAYECTBO KOpMa. 

CoxpaHHOCTb IIMTaTeCJIbHbIX BeIIeCTB- B 
OwvomMacce Cc BBeJIeHHeM JIakTOOakTepuii Obiia 
BbIIle, FEM B Macce, 3aJIOXKCHHOM Ha XpaHeHue 


6e3 100aBOK. 
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mixture of strains of lactic acid bacteria of the 
genus Lactobacillus, acquired in Rostov-on-Don 
antiplaque Institute. Active culture liquid was 
introduced in the amount of | % by weight of 
plant raw materials. 

Biomass was stored in_ glass_ vessels, 
carefully pressed and closed by lids with water 
valve for the exhaust gases. The cylinders were 
placed in a cellar at an average temperature of 
15°C. Storage period was 6 - months. 
Periodically after 2, 4 and 6 months containers 
were opened and the feedstuff was subjected to 
chemical analysis. Chemical composition, 
energy and nutritional value of the feedstuff 
were determined by conventional methods [5]. 

Original press discard met the requirements 
of NTP APK_ 1.10.11.001-00 "Norms of 
technological design of warehouses of silage 
and haylage" [6] to chemical composition and 
energy values and GOST R 55452-2013 "Hay 
and haylage. Technical conditions" [7] to the 
biomass, laid on the haylage (tab. 1). 

The stored biomass of the press discard 
without the introduction of a microbial culture 
did not possess sufficient physiological dryness 
and it contained mould and butyric acid, which 
reduced the quality of the feed. 

Safety index of nutrients in biomass with the 
introduction of lactobacilli was higher than in 


the mass that was stored without any additives. 


—: 


Tadmuua | 
Table 1 
XUMUYECKHM COCTAaB HU 9HEpreTu4eCcKad ITCHHOCTb KOPMa, MOJIY4CHHOrO 3 Mpecc-ocTatTka C 
BBeJICHHeM KYJIBTYp MUKpOOpraHi3MOB 
Chemical composition and energy value of feedstuff from the press discard with the 
introduction of microorganisms cultures 


CoyepxxaHnue B ACB, % O6menuasa 
Percentage in the crude matter, % 9Heprud 


cbiporo| cbipow | MJ bx/kr 


< 


ri 
KS 


KopMospie 


CbIPOro 


IIpoayKt 


CbIPOU 
l~potrenuua *KUupa | 3OJIbI ; 
P KyIeTUaTKU P Metaboliza 


crude edener crude | crude | ble energy 
MJ/kg 


sh 
38 
0 9,65 0,740 
37 
30 
24 
H/0 


eC NMHUIDbI 
Product 
Feed units 


protein 


MicxoHbIM Mpecc- 
OCTaATOK 37,80 16,47 35.07 
Initial press discard 





fat a 
| | 
MepMeHTHpOBaHHbIv 
IIpecc-OcTaTOK 
37,80 16,47 36,02 mes: 9 
Fermented press 
discard 
DepMecHTHpOBaHHbIN 
IIpecc-OcTaTOK 4epe3 
2 mecalla ai 22 15,71 37,81 3,69 9 9,49 0,721 
Fermented press 
discard in 2 months 
MepMeHTHpOBaHHbIv 
IIpecc-OcTaTOK 4epe3 
4 mecata 37,92 15,63 38,44 3,64 9 9,38 0,720 
Fermented press 
discard in 4 months 
MepMeHTHpOBaHHbIv 
IIpecc-OcTaTOK 4epe3 
6 MecaALeB 38,17 15,12 38,53 3,61 9 yee | 0,690 
Fermented press 
discard in 6 months 
Cenax | (2) ki. [6, 7] 
40 H/M 0,72 
Haylage I (2) class. (40) 16(14) H/0 30(33) 10(11) 9,4 (9,1) (0,67) 
[6, 7] | 


B depMeHTHpoBaHHOM KOopMe TIO ucTeyeHuU No mould was found in the fermented 
cpoka XpaHeHHa lleceHH He HaOsOaoce. feedstuff after its expiry date. Butyric acid 
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MacisHow KUCIOTbI TakxKe OOHapyxKeHO He 
Opw10. Ilo cogepxxaHHu1O WpoTewHa, OOMeHHON 
9HepruH WM KOPMOBBIX eCJIMHHIL OH OTBeUAaT 
TpeOoBaHHAM K ceHaxky 2 kKylacca. Coep»kaHue 
KIeTYUaTKH IIpeBbIINAaIO perlamMeHTHpOBaHHy!o 
BeJIMYMHY, HO, COrmacHoO TpedOoBaHuaM [7], 


olueHKa ceHaxka HO KuIaccy kauyecTBa 
IIpOW3BOJMTCA B YCTaHOBJICHHOM TlopsyiKe: TIpu 
OTHECCHHM OTJICJIbHBIX TOKa3aTesen CceHaxka K 
pa3HbIM KJIaccaM KayecTBa OnpeyeAIOUMMU 
(bakTOpaMu =ABJIAIOTCA COfepxKaHHe cyxoro 
BeINeCTBa, CbIPOrO IpOTeHHa, CbIPOM 30]IbI U 
MaCJIAHOM KUCJIOTBHI. XOTA B 9XKCIePHMeHTax 
cojlepyKaHue cCbhIpOM KIeTYaTKM IIpeBBIINAaO 
TpeOyemMoe JId CeHaxka, HO cormacHo [OCT P 
55452-2013 


yCJIOBUA>» [7], 


«CeHoO HW ceHax. TexHuueckne 
TaHHubin WOKa3ateJib 
OpaKOBOUHBIM He ABJIACTCA. 

Ilo cofep»kaHHtO [IMTATeJIbHbIX BEIIIeCTB, 
OOMeCHHOM 9HEpruv UW KOPMOBBIX eCJMHUIL KOpM, 
IIPHTOTOBJICHHbIM 43 (epMeHTHPOBaHHO"O Lpecc- 
OCTaTKa, COOTBETCTBOBall CeHaxy 2 KuIacca (TaOI. 
1). [lomyaeHHpmt KOpM WMe KOpHuHeBATO- 
3eJICHbIM TIBET HM HeEMaKYyILyFOCA KOHCHCTeHIIMKO, 
COXpaHAJI CBOIO CTPyKTypy, OOaai MpuATHbIM 
3allaxXOM KBallIeHbIxX OBOIIeH. 

3akuro4ueHwe. BHecehwe cCMeCH IITaMMOB 
KYJIbTYp JIakKTOOaKTepui AKTHBHO U HalipaBsICHHO 
TOBIHAIO Ha TedeHHe MHKpOOMONOrM4ecKuX U 
OMOXHMMYeCKHX TIpOIeccoB B KOHCepBupyeMor 
3eJICHOH mMacce, MO TaBJLAIO pa3BuTHe 
He*KeTaTeIbHOHM MUKPOMJOpbI, CO3TaBad YCIIOBUA 
JIA JIMTeCIIbHOrO XpaHeHHA TIMTATeJIbHbIX U 
OWMOJOrMYeCCKH AKTUBHBIX BeLICCTB B KOPMe. 

Ilomy4eHHble pe3ylIbTaTbI CBUJICTEJIBCTBYIOT O 
TOM, 4TO coyueTaHHe MeXaHHyecKOro 
00e3BOX%KUBaHHA PaCTHTeJIbHOM MacCCbI JIFOIepHbI 
no 60 % BIaxKHOCTH C TOCIeLYIOIMM BBeJJeHHeM 
KyJIbTyp JIakTOOaKTepHi NMO3BOIIAeT MOJY4aTb 
OOpoKayecTBeHHbIM KOPM ~  JJId 2%KBaUHbIX 
*%KXMBOTHBIX. Ilo tumleBow UW 9HeEpreTH4eCKON 
I[CHHOCTH, COepxKaHHIO IIPOAYKTOB OpoxKeHnA 
IOJIYUCHHBIN KOPM COOTBETCTBOBAII TPeOOBaHHAM 
K ceHaxy 2 KJIacca U MOXKeT ObITh PEKOMCHJIOBaH 
JIA BBEJCHUA B pallMOH CeJIbCKOXO3ANCTBCHHBIX 


7KUBOTHbIX B3AMCH CCHaKa, WPWUPOTOBJICHHOLO U3 
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wasn’t found as well. The protein content, 
metabolic energy and feed units meet the 
requirements for the 2nd class haylage. The 
fiber content exceeds the regulated value, but, 
according to the requirements [7], haylage 
evaluation according to the quality class 1s made 
in the prescribed manner: when assigning 
haylage separate indicators to different classes 
of quality the determining factors are the 
content of dry substance, crude protein, crude 
acid. Although in_ the 


experiments the content of crude fiber exceeded 


ash and _ butyric 


the haylage requirements, but according to 
GOST R_ 55452-2013 


Technical conditions" [7], this indicator is not a 


"Hay and haylage. 


rejection criteria. 

The content of nutrients, metabolic energy 
and feed units in the feedstuff made from the 
fermented press discard corresponded to the 2nd 
class haylage (table. 1). The resulting feedstuff 
had a brownish-green color and not smearing 
consistence, kept its structure, had a pleasant 
smell of pickled vegetables. 

Conclusion. The introduction of 
lactobacillus strains mixture actively and in a 
guided way influenced the course of 
microbiological and biochemical processes in 
the conserved green mass, suppressed the 
development of undesired microflora, creating 
conditions for long-term storage of nutrients and 
biologically active substances in the feedstuff. 

The results indicate that the combination of 
mechanical dewatering of alfalfa plant mass up 
to 60 % of moisture content followed by the 
introduction of lactobacilli cultures makes it 
possible to obtain high quality feedstuff for 
ruminants. Food and energy value, the content 
of fermentation products in the obtained 
feedstuff corresponded to the requirements to 
the 2nd class haylage and this feedstuff can be 
recommended for introduction in the diet of 


farm animals instead of haylage made from 


‘Ker 
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B ctTatTbe TCOPCTHUYUCCKH HUCCIICHYIOTCA IIPOUCCChI 
KOMIVICKCHOM OUMCTKH CTOUHBIX BO, KOTODPBIC 


OCYILECTBIIAFOTCA rupJIAH Tamu BOJIOCAHBIX 
epilen u azpalnen, C yueTOM 
THApOAMHAaMHYeCKOrO COMpOTHBJICHHA eprler 


%7KUTKOMY MOTOKY HW C OllpeyesIeHHeM BPeMeHH 
3anmMnaHua epiuienH. Jina WpoBeqeHuA pacueToB 
(pU3HKO- 


pa3spadoTaHa yupomeHHas 


MaTC@MaTHu4CCKanA MOJICJIb, KOTOpadA 


PacCMaTpHBaeT XUKOCTb, KaK 9JIEMCHTAPHBIe 
*KuUIKNe KyOUKH. OHM pearupyloT Cc BOJOCaMH 
eplleH WU My3bIpAMH BO3Tyxa, 4TO IIPUBOMT K 
yaasleHuto WpumMeceH. B xome UccreqoBaHud 
yCTaHOBJICHO, 4TO Ha CKOpPOCTb yObIBAaHUA 
TIIPMMecUH BJIMACT KOJIM4eECTBO BOJIOC B eJMHUIE 


OObeMa UW MJIOTHOCTH MY3bIPbKOB BO3yxa. Takxe 


yCTaHOBJICHO, Y4TO pH CKOpOoCcTAX TedeHHA 
7%KUIKOCTH Oonee 0,2 M/c oOsK3aTeIBHO 
HeOOXOJMMO Y4HTbIBaTbh THApoOsMHaMuMYeCKOoe 


CONpoTUuBIeHve epmien. IIpensOox#KeHHbIe pacueTHI 
alOT BOSMOXHOCTb OoOee TOUHO NPOeKTHPOBATh 
HOBbIe WU MOCPHH3HPOBAaTb- CyYIIeCTBYIOMMe 
YCTPOHCTBa, UTOOKI MOBbICHTb CTeHeCHb OYMCTKU 
7KUIKONW Cpebl C MOMOIIbIO MpoOlexUBaHHA U 


a3palluu UW OONerYuTb yxoy, 3a HAMM. 


Ks10ueBble CJIOBa: KaMepa OYMCTKH, BOJIOCAHBIEe 


epmlln, aapallna, KU IKHM IIOTOK, 
TMXpoqMnHamMuyeckoe CONpoTHBIeHHe,  BPeMA 
3aJIMNaHHaA. 
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The article deals with the processes of complex 
waste water treatment, which are carried out 
with the sets of hair brushes and aeration, taking 
into account the hydrodynamic resistance of 
brushes to liquid stream with the definition of 
brushes sticking time. The simplified physical 
and mathematical model which considers liquid 
as elementary liquid cubes was developed for 
the calculations. These cubes interact with hair 
brushes and air bubbles resulting in the removal 
of impurities. During the study it was found that 
the number of hairs per unit volume and density 
of air bubbles greatly affects the stepping rate of 
impurities. It was established that it is necessary 
to consider the hydrodynamic resistance of 
brushes for a flow velocity more than 0.2 m/s. 
All the proposed calculations make it possible to 
design new devices and to upgrade the existing 
ones to provide a high degree of purification of 
liquid medium with the help of straining and 


aeration and to facilitate their maintenance. 


hair brushes, 
hydrodynamic 


Keywords: cleaning camera, 
aeration, liquid stream, 
resistance, sticking time. 





BBejenne. CyliiecTBOBaHHe BOJIbI B AOCOJIOTHO 


YQHUCTOM BHC HCMBICJIMMO H3-3a CC BbICOKOU 


pacTBopsromjew cmocodnoctu. IIpupogzHpre u 


CTOUHbIC BOI peCTaBIAIOT COOOM CJIOXKHYIO 
COJ.ep2KallLyto 
OpraHuyeckuve BelleCTBa B 


JIMHAMMYeECKy!O ~=CHCTeEMY, ra3bl, 
MHHepaibHple 
MCTHHHO pacCTBOpeHHOM WIM HepacTBOpPHMOM 
cocTosHuAx | 1]. 

B yaHHOM padoTe Id OYMCTKM CTOUHBIX BO] 
paccmMaTpuBaloTca OUMCTHBIC yYCTpOucTBa, 
IIpeycTaBiarolwue CoOoM KaHall MpAMOYrOJIbHOrO 
Ce4ueHHA, B KOTOPOM Ha OnpesesIeHHOM paccTOAHUH 
YCTaHaBJIMBarOTCA PaMKU Cc epilamu [2], a 10 Hy 
KaHasla IIpOO%KeHbI TpyObl c OTBepcTuaMu [3], 


yepe3 KOTOpble IpomyckaetTca BoO3Tyx (Puc. 1.). 






VICXODHbI- CTOK 


Introduction. The existence of water in an 
absolutely pure form is impossible because of 
its high solvent ability. Natural and sewage 
water represent a complex dynamic system 
containing gases, mineral and organic matter in 
truly dissolved or insoluble state [1]. 

In this work for wastewater treatment we 
consider treatment devices, which have a 
rectangular cross-section in which at a certain 
distance sets of brushes are set [2] and at the 
bottom of the channel there are pipes laid with 


holes [3], through which the air passes (Fig. 1.). 


OunilleHHasd Bora 


Puc. 1. KoHcTpykKuMa KaMepbI C BOJIOCAHBIMH eplliaMu UW aaspallMOHHbIMH TpyOaMH JIA OUMCTKH X2KUKUX MOTOKOB 


Fig. 1. The design of the camera with hair brushes and aeration pipes for liquid flow cleaning 


OuncTKa CTOUHBIX BOX epmiamn. ITporeccst, 
potekaromlue B OWOpeakTOpax OYeHb CJIOKHBI. 
YToObl TpWMeHHTb MeTOAbI MaTeMaTH4eCcKOro 
aHalM3a, pa3padoTaHa cyleyqyrollad ynpolleHHadr 
(DH3H4eCKad MOJIeJIb: BCA X9KUIKOCTb, HAXONAMAACA 
B KaHayle, pas30uBaeTCaA Ha 3JIEMeCHTapHble %KU Ke 
KYOUKH, KOTOpbIe TpH JBYKeHHM M0 KOpHOpy 
OuopeakTopa pearupyloT c BOIOCaMM epllei u 
ITy3bIPbKaMU BO3yxa, 4TO IIPHBOAUT K yasIeHHto 
mpumecen [4,5]. 

Pa3Mep 2%XHKOrO KyOuKa OlpeyesAeTCA UCXONA 
M3 TOTO, UTO B JAaHHBIM MOMECHT C OJHUM BOJIOCOM 
eplia pearmpyeT O2MH  KNAKHH KyOuK [6]. 
IlosToMy OObeM 93JIEMeHTapHOro %KHAKOrO KyOuKa 
paBeH BCceMy OOBeMy YCTpOlicTBa, JeIeHHOMy Ha 
YACIIO BOJIOC B YCTPOHWCTBE. 
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Wastewater treatment with brushes. 
Processes in bioreactors are very complex. To 
apply the methods of mathematical analysis, we 
developed the following simplified physical 
model: all the liquid in the channel is divided 
into elementary liquid cubes, which while 
moving along the corridor of the bioreactor 
interact with hair brushes and air bubbles, 
resulting in the removal of impurities [4,5]. 

The size of a liquid cube is determined on 
the basis that every moment one liquid cube 
interacts with a single hair brush [6]. Therefore, 
the volume of a liquid cube is equal to the entire 


volume of the device divided by the number of 


en 








a= (1) 

Noi 
roe No; — oomlee 4HCIIO BOTOC BO BCeM OOBeMe 
Ouopeaktopa; HH — _ BpicoTta  Kkopuyzopa 
OuopeakTopa, mM; 6 — mMupnHa Kopuyopa, mM; L — 


yyiMHa KOpuyzopa, M. 

Mopmysia (1) MosJry4eHa B IpesAMONO%#xXeHUU, ITO 
paciipezemeHue BOJIOC B OuopeakTope 
paBHOMepHoe. 


J|nmHa peOpa 2*xHKOrO KyOuka OyeT paBHa: 








=(——)3. (1) 
Noi 
BpelleM MOHATHE CpeqHeH MJIOTHOCTH BOJIOC B 
yCTpOucTBe 
N, 
ky = Ol 9 (3) 
HBL 
Tora (opmMysia (2) c yueTOM (3) IpuMeT BUT 
1 
1.3 
a=(—)?3. (4) 
k 
TpaekTopua jJIBYOKeHHA BO3ZYINHOrO KyOUKa 
ompeyesaeTcaA pa3s3MepaMuM KaMepbI O4MCTKH, 
momepeuHou Vi u MIpOOJbHOU V 


COCTABJIAIOIIMMH CKOpOCTH JBYXKeHHA %XKUKOFO 
moToka. CpeaqHee 3HayeHve JIMHbI / TpaeKTOopuHu 
%KUIKOTO KyOMKa B OUMCTHOM KaMepe JIA JIBYX 


TeyveHui ABIACTCA YHUBepCasIbHbIM u 
ollpeyesaetTca POPMYON: 
‘ 
l= L(l+—) (2) 


V\ 


M3 ommcaHuaA ycTpovictBa epiiiew cyleqyeT, 4TO 
yMaMeTp Bouloca MHOrO MeHbINe ero JJIMHbI U 
MOSTOMyY He YUHTbIBAaeTCA BJIMAHHMe TOPIIOB Ha 


apextT 


pacioJlarartoTCa Beepoodpa3HoO IO OKPYXKHOCTH, TO 


39ddeKTUBH YO 
2KUJIKOCTH TpOuepyeHHOH BOJIOCOM B eMHHYHOM 


O4UMCTKH. I.K. BOOCKI B- epme 


BBeJIEM  CPpeJ{HIOIO TIIOWLab 
%KUJIKOM KyOUKe IIpH OJHOKpaTHOM ero Tpoxoye 


yepe3 Bosoc [7] 





Se 


a 2absin a, (6) 


rye a — JimMHa peOpa xXuKOrO KyOuKa, M; b — 
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a = ; (1) 





where No, 1s the total number of hairs in the 
whole volume of the bioreactor; H — the height 
of the corridor of the bioreactor, m; B — the 
width of the corridor, m; L — the length of the 
corridor, m. 

Formula (1) is obtained under the 
assumption that the distribution of hair in the 
bioreactor 1s uniform. 


The edge length of the liquid cube is equal to 


I 
HBL.3 
a=(——)3. (4) 
Noi 
Let’s introduce the concept of average hair 


density in the device 
a (3) 


then the formula (2) taking into account (3) 


takes the form 
1 


1.3 
=). 4 
a=) (4) 


The trajectory of the air cube is determined 
by the dimensions of the cleaning chamber, the 
transverse V, and longitudinal V; components 
of the speed of liquid flow. The average value of 
the length / of the trajectory of a liquid cube in 
the cleaning chamber for two currents is 
universal and is determined by the formula: 


fae re) 
ia 


From the description of the brushes, it is 
clear that the diameter of the hair is much less 
than its length and therefore does not account 
for the influence on the cleaning effect. As hair 
in the brushes is arranged fanwise around the 
circumference, we introduce the average 
effective area of the liquid touched by a hair in a 
single liquid cube after a single passage through 
this hair [7] 


S., = 2absin a, (6) 


Pp 
where a is the edge length of the liquid cube, m; 


a 





WIMHAa BOTOCAa eplia; & — yrOu] MexKY BOJIOCOM U 
: Tt 
peOpom kyOuka, u3MeHAIOlMMca OT 0 0 o 


CpeaHee 3HayeHve CHHyca OyjleT paBHO 


TU 





y. 
sin o == | sinadoa = (3) 
TG TU 


Yuuntpisad (7) B (6), MOyIMM 
ab 


Sop =— (8) 


OObemM 
BOIOCaMH IIPH OJHOKpaTHOM IIpoxoyle %*HAKOrO 


29KUJIKOCTH,  WpopearMpoBaBilleh Cc 


KyOukKa, OyeT paBeH 


A4ab 
Von Oe = Oy (9) 
Tt 
rye 6, — TOuMMHa 9PdPeKTHBHOrO NOrpaHu4Horo 


CJIOA XKAUXKOCTH yciieBllleH WpopearMpoBaTb Cc 
BOJIOCOM epliia, M. 

IIpu 9STOM IIpOwCcxXOAMT BbIyeTeHve TpuMecH 
Macca 


colepxKalllenca B KU JIKOCTH. 


BbIJCIMBINeMCA WpHMecH pH OHOKPpaTHOM 
TlepeceyeHHH %KUKUM KYOHKOM TepBoro BoJIOCa 


paBHa 
4ab 
Am — Pep = Po 7 (10) 


rye po — MepBoHadasIbHad MJIOTHOCTh IpuMeceli B 
KMKOCTH, KT/M. 

AOcouIOTHOe H3MCHECHHe IJIOTHOCTH TpumMecel 
B 2KHKOM KyOUKe pu 3TOM COCTaBHT 





Amo Abo 

= _ X 

Ap oO a. y) p QO: ( Il ) 
a TU 

OTHOCHTeJIbHOe YU3MCHCHHE IJIOTHOCTU 


IIpHMecH IIpH ONHOM TepeceyeHHu BOIIOCa 
Apo _ 4b0, 


(12) 


Ey = 

Po Ta 

IIpeqnomaras, 4TO TOUMMHA Ox, 3PdeKTHBHOrO 
CHOA %KUWKOCTH, pearupyrolllero C BOJIOCOM, He 
3aBHCHT OT HOMepa IlepeceyeHHsA 2KU KOTO KyOuKa 


BOJIOCOM, MO?KHO IlOKa3aTb, ITO 


Apo AP APs 43) 
Po Py Pn 
Wi 
E, =E, =...=E,. (14) 


Bpipaxaa OTHOCHTCJIBHOC H3MCHCHHC WIOTHOCTU 
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b is the length of the hair; a — the angle 
between the hair and the edge of the cube, 


varying from 0 to 7 


The average value of the sine is equal to 
TU 





2 
mo] nei (6) 
TQ TU 
Considering (7) in (6), we obtain 
4ab 
5 - (8) 


The volume of fluid interacted with the hair 
in a single pass of the liquid cube, is equal to 
4ab 


=—— 0,. (9) 
TT 


Ver = S cpO x 


where o, 1S the thickness of the effective 
boundary layer of the fluid which had enough 
time to interact with the hair, m. 

In this case the impurities contained in the 
liquid are separated from it. The mass of the 
separated impurities in case of single passage of 
the liquid cube through the first hair is equal to 


Aab 
Am = Poop = Po eo! (10) 


where po — the initial density of impurities in 
the liquid, kg/m’. 
The absolute change in the density of 
impurities in the liquid cube will be 
Am, 4bo 
Ai, == (11) 


a” ma’ 


The relative change of the impurity density 
at a single passage through the hair is 
Apo _ 4bo, 


Eo = 5) 


(12) 
Po Ta 

Assuming that the thickness o, of the 
effective fluid layer, interacting with the hair, 
does not depend on the liquid cube passage 


number, it can be shown that 


Apo APL MPa 19 
Po Pi Pn 
or 
fy = £, =...= E,. (14) 


Expressing the relative change of the 


—— 
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ipuMech B  Ka@KJIOM t[epeceyeHunH 4epe3 


OTHOCHTCJIBHOC YU3MCHCHHE IWJIOTHOCTU K 


MlepBOHAaYaJIbHOH, HalieM, 4TO 


Pn _(-£,)", (15) 
Po 
rye n — 4nCcO TepeceyeHuhi %#uAKOrO KyOnuKa 


BOJIOCaMH epliien. 
YroOsl 
MOACYUTAeM UMCIO BOOC, KOTOpble MoMaqarwT 


BHYTPb 
TpaeKTOpuu KOTOpOM paBHa J. YMHOxHKUB (5) Ha 


BbIYHMCJIIMTB HWOKaA3aATCJIB CTCICHH Ni, 


oObeMa %XKHAKOM TpyOKu, WIMHa 


2 
WIOWaTb WOMCPCIHOLrO CCYCHUA a , TOJTYIHM 


| 
n= Lk(3 (+ any 
| 
Yuntpipasa (16) B (15), HatiqemM 


(16) 


Lk (44) 
Pa —(1-E,) 7 
Po 


Anau3upya 3TY POpMysJIY MO2%KHO OTMETHTS, 


(17) 


4TO YU3MCHCHHE IJIOTHOCTH lipumecerti B 


OuvopeakTOpe yMeHbillaeTca HO CTeIMeHHOMY 
3aKOHY, B KOTOPOM OCHOBaHHeM CJIYKUT 4HCIIO 
MeHbIUe eCHHHIbI, a B MOKa3aTelb BXOJUT 
Oe3pa3MepHad BeUIHYMHA, 3aBUCAINAad OT IJIOTHOCTU 
BOJIOC B KaMepe peakTopa, ero JIJIMHbI UM CKOpocTu 


MBYXKCHUA KUTKOCTH. 


OuncTka a9gpauMew. Kpome Toro B 
paccMaTpMBaeMOM CJIydae %KMJIKOCTb HacbillaerTca 
KHCJIOPOOM JIA MOWepxKaHvA %KH3HH KOJIOHMM 
OakTepHw Ha BOOCax epmia u aspamnu. [Ipu 
IpOXOKTCHHH ~=BO3JTYMIHOTO 


y3bIpa 4epe3 


QJIEMeCHTapHbIM KU AKYH KyOMK Ha_ TOJMMMHE 


BOKpyIr 
lipumMeceiB 


MOlMpaHCJIOA ITy3bIpbKa IIDOHUCXOJIUT 


OKUCJICHUCS MKUAKOCTH, 4TO 


CIIOCOOCTBYeT BbIJeJICHHIO HX B OCAJIOK. 
Macca BbIJ[CIMBINeHCA mpumMecu mIpu 
ONHOKpaTHOM [lepeceyeHHU Ily3bIPbKOM BO3/lyxa 


%KUKOLO KyOukKa paBuHa [8] 


Amo = 107a0 Pq; (18) 
rye 62 — JMaMeTp BO3YIUIHOLO y3bIps, M; 6 , — 
TommMMHAa 93XdeKTHBHOrO orpaHcuoax BOKpyr 
IY3bIpA, M. 


AOcomroTHOe H3MeHeEHHe IJIOTHOCTH MpumMecel 
B 2KHKOM kKyOuUKe IIpH OHOM TepeceyeHuu 
COCTaBUT 
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impurity density in each passage using the 
relative change in density to the initial one, we 


find that 
Pi Ga By" 
Po 


where 7 is the number of passages of a liquid 


(15) 


cube through hair brushes. 

To calculate the exponent n, we calculate the 
number of hairs that get inside the volume of the 
liquid tube, the trajectory length of which is 
equal to /. Multiplying (5) on the cross-sectional 
area a’, we receive 


1 
n= Lk(3 (1414), 


(16) 
| 
Considering (16) in (15), we find 
0 Lk 44) 
—=(1-£)) I (17) 


Po 

Analyzing this formula we can note that the 
change in the density of impurities in the 
bioreactor decreases by power law, where the 
basis 1s the number less than one, and the 
indicator includes a dimensionless’ value, 
depending on the density of hair in the reactor 
chamber, the length and the speed of movement 
of the liquid. 


Purification by aeration. Also in this case, 
the liquid is saturated with oxygen to maintain 
life of bacteria colonies on hair brushes and 
aeration. At the passage of an air bubble through 
an elementary liquid cube at the thickness of the 
boundary layer the oxidation of the impurities in 
liquid around the bubble’ occurs, which 
promotes their sedimentation. 


The mass of the separated impurities in case 
of a single passage of an air bubble through a 
liquid cube is equal to [8] 


Amo = T07a0 Pq; (18) 
where 60> — the diameter of the air bubble, m; 0 
z — the thickness of the effective boundary 


layer around the bubble, m. 
The absolute change in the density of impurities 


in the liquid cube at one passage will be 


— 





Amp — 1050 
Apy =~ =—4= Po. (19) 
a a 


OTHOCHUTesIBbHOe W3MeHeHHe IIIOTHOCTH 
IIpHMecH B 2%XHKOM KyOHKe TIP OHOKpaTHOM 


TlepeceyeHHH Iy3bips 


a 


IIpopeqa pacueTbl aHasIOrMuHbie TeM, 4TO 
IpoyewaHbl JIA ciyyad c epiiamMu m0 dopmysiaM 


(11)-(15) nomyaum 


Pm —(1- Ey)”, (21) 
Po 
rye m — 4ncNO MepeceyeHu %#XUAKOTO KyOuKa 


BO3JLYUIHbIMH Iy3bIpaMu. 

IIpopoya asibHeMlyko aHaNOrutO MOZOOHO 
(bopmysie (16) AJIt BOJOCAHBIX epiliei, BBIYHCIMM 
WOKa3aTelib CTeMeHH 


m= L204 v,> (22) 


Ki 


rye kz — cpeJHAA MWJIOTHOCTh Ty3blpe B eMHUIe 
Noo 
HBL 
C yyetom (dopmysb (22) BbIpaxeHue (21) 


oObema, k, = 


IIDMMeT BUTT 





k V 
L—2,(14-+ 
vA ve 


| 
Pm —(—E,,) | (23) 
Po 
CoBmecTHoe BJMAHHe IpolecKMBaHnn Hu 


aapaunn. B  cOBpeMeHHBIX OnNOpeaKTOpax 


IIpOWeccbl TpowexkKuBaHuA UW adpalluH UYT 
OJHOBpeMeHHO, TOSTOMy MopMysIbI (17) u (23) 
HeOOxoJMMO OOBeXHHUTB B OHY. PaccmMoTpuM 
IIPOILecchl, 


wayume He OJHOBPeMeHHO, a 


mocweqoBatesbHO. IIpu tTakom moyxoye Bce 
TaBHble (aKTOPbl Y4HThIBAIOTCA, HO BIIMAHME 
OJHOLO ABJICHUA Ha pyroe He y4auTpIBaeTca [9]. 


Ilepernmumiem dopmyst (15) u (23) B Bue 
Pn =PoU— Ep)", (24) 


m— p,(l—Eg.)”. (25) 


S-journa 


Amy — 1050 
App =—3- =~ Po. (19) 
a a 


The relative change in the density of 
impurities in the liquid cube at one passage will 
be 
Apo _ 7528. 

Po a 


i (20) 
Having carried out the calculations similar to 
those which were done for brushes by the 
formulas (11)-(15) we get 
Pm = (1- Ey)”, (21) 
Po 
where m is the number of crossings of a liquid 
cube by air bubbles. 
Continuing this analogy, like the formula 
(16) for hair — we calculate the exponent 


B+ vj (22) 
“eg 
where kz is the average density of bubbles per 


Noo 
HBL 
Taking into account formulas (22) the 


volume unit, k, = 


expression (21) will take the form of 
Pm (Ey) 4". (23) 


The joint effect of straining and aeration. 
In modern bioreactors the processes of filtration 
and aeration go simultaneously, therefore the 
formulas (17) and (23) must be combined into 
one. Let us consider the processes which take 
place not simultaneously, but sequentially. At 
this all the key factors are taken into account, 
but the influence of one phenomenon on another 
is not taken into account [9]. 


We rewrite the formulas (15) and (23) in the form 
Pn =PoU—-£)”, (24) 


m = Pn(— Egy)". (25) 





Ilocne mpolexxuBaHHA CKBO3b BOJIOCAHBIe epmiu 
XKUJIKOCTb C TIJIOTHOCTBIO TpuMecH P, MWocTymaer 


Ha aopaliuio. 


Pm =PoU— Ep)" Epp)”. (26) 


YunTbiBat n M, 3alMlteM OKOHYWATCJIBHYFO 


(bopmyrry. 
k V 
Li (4) . 3 os v, ) 
Pin = Po(l— Eo) ' -Ep)) “ . (27) 
Mopmyuia (27) IIpeCTaBILAeT coool 


IIpOM3BeeHHe JBYX MOKa3aTeJIbHbIX (yHKUM, B 
KOTOPBIX OCHOBaHHAMU ABJIAIOTCA 4UMCJIa MeHBIIIe 
CMHUIIb, a WOKa3aTeyM cTeneHu OovbIITe 
eMHUUbI. AHaIM3UpyA JaHHOe BbIPAxKeHHe MOXKHO 
CKa3aTb, 4TO Ha CKOPOCTb yObIBaHHA TpuMecu 
CHJIbHO BJIMACT KOJIMYeECTBO BOJIOC B eMHUIEe 
OObeMa H LJIOTHOCTh Ily3bIPbKOB BO3yXxa. 
UncJIeHHbie NPHMepbl pacueTOB peaJIbHbIx 
ycTpoicTsB. Ilo dopmynam (17) u_ (23) 
BBINOJIHCHbI UACJICHHbIC PpacueTbI 3aBHCHMOCTH 
OTHOCHTeJIBHON MJIOTHOCTH MpuMeceH B MOTOKEe 
OT CpeqHeH MIOTHOCTH BOIOC UH MIOTHOCTH 
my3bipenw (Puc. 2 u 3). PaccmotpuM ouMcTHoe 
coopyxKeHHe B Bue KaHasla WIMHOM L=10;15;20 


M IIPAMOYrOJIbHOrO ceyeHuA MIMpHHOoU B = 3 Mo, 


BbicoTOH H = 2 mM, 4ucNOM Bosloc No; = 10°, 
OTHOMIeCHHeEM CKOpOCTeH HposOUbHOTO HU 
MOMepeuHoro Te4ueHHA V/V = 0.1, 
OTHOCHTEJIBHBIM W3MeCHEHHeM IIJIOTHOCTH 


IIpMMecH B 2%KHJIKOM KyOuKe IIpH OJHOKpaTHOM 
TepeceyeHnu Eg; = Ego = 0.01, HauanbHon 


vw 3 
IWIOTHOCTH IIpHMeceH Po = 5 KI/M’. 
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After straining through hair brushes liquid 


with a density of impurities SI p, 1s supplied to 


aeration. 


Pm =Pod-Ey)"(I-Eg)". (26) 
Taking into account n and m, we write 


down the final formula. 





L A (414) 


Lk/3 (++) 
(27) 


Pm=Pol-Eo) || (= Ey) 

Formula (27) represents the product of two 
exponential functions, in which the bases are 
numbers less than one, and exponents are 
greater than one. Analyzing this expression we 
can say that the rate of the impurity decrease 


strongly affects the number of hairs per volume 


unit and the density of air bubbles. 


Numerical examples of real devices 
calculations. According to the formulas (17) 
and (23) the dependences of the relative density 
of impurities in the flow on the average hair 
density and the density of bubbles are calculated 
(Fig. 2 and 3). Let’s consider the treatment 
facility as a channel of L=10;15;20 m length of 
rectangular cross section with the breadth of B = 
3 m, the height of H = 2 m, the number of hairs 
Noi = 10°, the ratio of the velocities of 
longitudinal and transverse flow V/V, = 0.1, 
the relative variation of the impurity density in 
the liquid cube with a single passage E'9; = Eoo 
= 0.01, the initial density of impurities 9 = 5 


kg/m”. 


ar 





0.2 


0.1 Lt 
Re tes ee 


1x10) 2x10 al? dl Sl 10x10? KI 


Puc. 2. 3aBMCHUMOCTb OTHOCHTeEJIbHOM KOHI[CHTpalluu IpuMecet OT MOTHOCTH BosIOc: | — L=10™; 


2— L=15M; 3—L=20™M. 


Fig. 2. The dependence of the relative concentration of impurities on hair density: 1 — L = 10m; 2— L = 15m; 


3—L=20m 





4 


Sxl Axl” A510" dO SLO a 


Puc. 3. 3aBHCHMOCTb OTHOCHTEIbHOM KOHI[CHTpallnu IIpuMecet OT MOTHOCTH Iy3bIpen: | — L = 10 Mm; 2 — 


L=15m; 3 — L=20m 


Fig. 3. The dependence of the relative concentration of impurities on bubbles density: 1 — L = 10 m; 2 — L=15m; 


V3 pucyHka 2 BUAHO, YTO CTeIeHb OYNCTKU 
OObeM KaMepbl TIpu 


3 — L=20m 
Figure 2 shows that the degree 


3a]laHHon purification depends on the volume of the 


MIOTHOCTH BoTOc. IIpu cpeqHew NIOTHOCTH BOsIOC 
kj = 2*10° m> KomMueCTBO H3BIeueHHON lmpumMecu 
OyleT OOUbIIe B OYMCTHOM COOpyxKeHHU IMHO 
20 M, 4eM B-  OCTAJIBHBIX. Jia OCTwKeHHA 


chamber at the given hair density. At the 
average hair density kj = 2*103 m~ the amount 
of the extracted impurities will be more in the 
cleaning facility with a length of 20 m, than in 
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aAHAJIOTMUHBIX pesyJIbTaTOB B KOHCTPYKUHAX 


MeHbIUen AJIMHbI HeOOXOJMMO YBCJIUGUTh 


IWIOTHOCTb BOJIOC. 


Yuet PHApOtTHHaMudecKOroO COMPOTHBJICHHA. 
IIpu mpoxoxqeHHH %KUAKOCTH 4epes paMKU C 
CpiltaMu IIPOUCXOJUT TOPMOKCHHC KUTKOCTU 
BCJICICTBHC TpCHHA O Cpuin, IIpu ITOM CKOPOCTH 
V. wu V, yMeHbItatoTcaA WM Wpomecc OYMCTKH 
Tpyo, 
BO3SHUKAeCT 


3aMeyIAeTCH. 3a cC4eT adpal[MOHHBIX 


IIpOJIOKCHHBIX TO JHY KaHasia, 


3ddext, 


COCTABJIAIOLLYEO 


OapOoTaxKHbIi KOTOPbIM COXpaHAeT 


TOMepe4uHyto cKopoctuw. A 


UTOOBI KOMITCHCHUPOBaTb YMCHbITICHHe 


IIPOJOJIbHOH CKOPOCTH, HyXKHO JleIaTb KaMepy C 


HaKJIOHOM. 
Ji pacueta ru pouMHaMuyecKoro 
COIMPOTHBIICHHA, OKa3bIBaeMOro epliaMu, 


paccMOTpHM CiJIeYyIOWlylo (u3nH4eCKy!O MO/JIelIb 
B3AMMOJICHCTBHA 2KUAKOCTH C TMpJIAHAaMu epien: 
BeCb 2KHJIKUM MOTOK pa300beM Ha IIpaAMOYrOJIbHbIe 
Napassenenuneybl MO BbICOTe paBHbIe JVIMHe 
TMpIIAHAbI UW Ha WpuMepe B3aMMOJeEMCTBHA OJHOTO 
TaKOrO Mapaswienenuneqa Cc TMpNAHOW epiier 
MOCUHTaeM BeIMYMHY MOTepb MOCTyNMaTeIbHOrO 
JIBKDKCHUA MOTOKA. 

JIoO60B0e CONpOTHBJIeHHe THMPJIAHbI Cc epllaMu 
olpeyesuM 10 dopmysie [10] 


pv" 
R, = Cz a (28) 
rHe Pp — ITIOTHOCTbh MKU]IKOCTH, KT/ M; Vv 
CKOpOCTb TeYeHHA 2KUAKOCTH, M/c; S$ — TIOMayb 


BepTHKasIbHOrO MOMepeyHOrO Ce4YCHUA FUPIIAHJIbI C 
epuiamu, mM’; C, — Kkooddunuext compoTupmeHus, 
3aBMCAMIMM OT UMCa PenHoubACa, OmpezeuAeMOro 
mo (opmMysre 

_ vd 
a 
37ecb d — JMaMeTp IMpJIAHbI C epliaMu, M; Vv 


Re (29) 


— KHHeMaTH4ecKad BA3KOCT Cpesbl, M“/c. 
Ilepenay BbICOT KaMepbI Ha BxOJle UH BBIXOe 

OlpeyeIMM W3 pa3sHOCTH NOTeCHIMaIbHOM 9HeEpruu 

Ha BxoOyle HW BbIxXOe MH BeJIM4YMHE MOTepb IHeEpruu 


Ha TpeHue 2%KUAKOFO MOTOKA O BOJIOCHI eprren: 
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the other. To achieve the same results in 
constructions of smaller length it 1s necessary to 
increase hair density. 


Hydrodynamic resistance consideration. 
When the liquid passes through the frame with 
brushes the inhibition of the fluid due to the 
friction on the brushes occurs, and the speeds 
Vand V; are reduced and the cleaning process 
slows down. Due to the aeration pipes laid along 
the bottom of the channel, there is bubbling 
effect 
component of velocity. And in order to 


which preserves the  transversive 


compensate the decrease of the longitudinal 
velocity it is necessary to make a camera with a 
tilt. 


To calculate the hydrodynamic resistance of 
brushes, let’s consider the following physical 
model of the interaction of the fluid with the 
sets of brushes: the entire liquid flow can be 
divided into rectangular parallelepipeds which 
height equals the length of the set. On the 
interaction example of one such parallelepiped 
with a set of brushes let’s count the loss value of 
the translational motion of the flow. 

Let’s define the head resistance of a set of 
brushes by the formula [10] 


R, =C, prs (28) 
where p is the fluid density, kg/m’; v — velocity 
of the fluid flow, m/s; S — area of the vertical 
cross section of a set of brushes, m7’; C, — 
resistance coefficient which dependents on the 


Reynolds number, defined by the formula 


_ vd 
— 
Here d is the diameter of the set of brushes, 

m; v is the kinematic viscosity of the medium, 

m’/s. 

The elevation difference of the camera on 
the entrance and exit we define as the difference 
of potential energy at entrance and exit and the 
magnitude of energy losses due to friction of the 
fluid stream on brush hair: 


Re (29) 


— 





ps 
pa7bgh =C, a", (30) 


rye a = 2b — mpeyctapiaert codoh cTropoHy 
IIPAMOYFOJIbBHOTO Hapaswienennieyra, 
IlepeceKarollero TupIAH Ty c epliamu, M; b — 
TWIMHa TMpIAHbI, M; g — yCKOpeHve cBOOOAHOrO 
ayeHHa, o/c’: h — tlepentiayy BBICOT, M. 

V3 dopmynsr (30) nomnyauM Ia BBbICOTHI 
llepenajyja, KOMMNeHCHpyrollen THApOTMHaMuUyeckue 


MOTepH BbIPaxKeHHe 
h=C,—. (31) 


3HaueHve BbICOTHI Mepelaqa U yIrIOB HakIOHAa 
KaMepbl JIA pa3JIM4HbIX 3HAYeHHH CKOpOocTeH 
MOTOKa IIpH paccTOAHHM MexKy pamKamu | = 0,08 
M ipuBeyeHbl B TadOmuue 1. BenuunHa H 


o0o3HayuaeT BbICOTY HaKJIOHa WHa KaMepbli 


peaktTopa mpu L = 10M. 


2 
pa°bgh =C, =a", (30) 
where a = 2b is a side of a rectangular 
parallelepiped that intersects the set of brushes, 
m; b — the length of the set, 








gravitational acceleration, m/s°; 
difference, m. 

From the formula (30) we get the expression 
for the height difference, which compensates the 


hydrodynamic loss 


v2 


h=C,. ve (31) 

The values of the height difference and 

tilting angels of the camera for different flow 

rates values when the distance between frames 

is /= (0.08 m are given in table 1. The value H is 

the tilt height of the chamber bottom of the 
reactor at L = 10 m. 


Taosutita | 
Table 1 


3Ha4eHHe BbICOTHI Wepeitlaya HW YIJIOB HAKJIIOHA KAMCDbI 


The value of the height difference and tilt angles of the camera 


tm | oe fe] |e 
8* 10° 320 1,5 5*10° 0,003 | 0,00006 | 0,0006 
a) ere | eee ee | ee | 


2 | S*10" |] 2000 pl | 127510" | 0,09 | 0,0016 — | 0,016 
8*10° 3200 1 3,26*10° | 0,23 0,004 0,04 
a ee ee eee ee ee 


4800 
6000 


1,2*10° 


Ffersar [ose | aor ao 
[= 





IIpu MaJIbIX CKOPOCTAX TCUCHHYA *HUTKOTO 


OTOKa epliu OKa3bIBalOT HeOoIbIWIo0e 
CONpOTHBJIeHHe HM erO MOXKHO He YYHTHIBATb, HO 
pH ckopoctax Oonmbumx 0,2 M/c conpoTHuBseHHe 
OIYCTHTb Hesb34 [3]. 

Yuet 3asnnmanua epmen. [pu npoxoxazenun 
BOIOCAa epllla Yepe3 2%XUAKHM KYOUK 4acTb TBEPJBIX 
lIpHMecev, HaxOJIAMIMXCA B HEM OCeaeT Ha BOJIOC. 
IIpennoso02%xKuM, YTO OOTeKAHHe X%KUKOCTbIO BOJIOCa 


JIaMUHapHoe, TOVa C BOJIOCOM OyeT pearupOBaTb 


S-jyourna 


At low fluid flow velocities brushes have 
small resistance and it can be ignored, but at 
velocities larger than 0.2 m/s the resistance 
cannot be omitted [3]. 


Brushes sticking consideration. When a 
brush hair passes through a liquid cube part of 
the solid impurities in it settle on hair. Let’s 


assume that the hair flow of liquid is laminar 





TOHKHH CuIOM 


3addekTHBHOK 


%KUKOCTH = C 
TommuHON Ado. byyemM cunTaTb, 4YTO BCA TBeEpaA 
IIpMMecb, HaxoallaicAd B coe, HaMmaeT Ha 
BosIoc. Ee Macca B TOHKOM CjI0e paBHa 
Mg = AdpSoPo- (32) 
37eCb CpeTHAA NTOMAaTb, IpOpesaemad BOJIOCOM 
B 2KHKOM KyOukKe, So ompeesmaeTca 10 POpMyse 


4ab 
‘= iat | (33) 
Tt 
OObem OceBIlew NpuMecu paBeH 
AV) =, (34) 
Pr 
re pr — MOTHOCTh WpuMecHh B_ TBepJOM 


3 
COCTOAHMM, KT/M’. 


IIpu tmepeceyeHuu BOJIOCOM n-OrO XAAKOTO 
KyOUKa BbIeMBIMIAaACA Macca OyjeT paBHa 


M =nmp. (35) 
A ee 00beM 
A 
V, _M _ nt AySoPo (36) 
Pr Pr 
Bripa3uM oOObeM 4HCTOrO BOOCa 4epe3 
reoMeTpHyeckHe pa3Mepbl B BHC oObeMa 
IWIMA Apa 
2 
Vo= a, (37) 


4 
rye Bo — WMamMeTp 4ucToro BosIOca, M; bg — 
JIMHa YHCTOFO BOsOCA, M. 
Torga OObeM 3arps3HEHHOrO BOOCAa OyeT paBeH 


v= Fi b,. (38) 
rye 

B, =Bo + 2AB,,, (39) 

b, =by + AB,. (40) 


3necb ABo — ToIMMHa CIO MpuMecH, M. 

IIpeqnor0x%xUM, 4TO TOMMMHA COA WpuMecn, 
OceBleH Ha BOJIOC, Be3qe OMHakoBa. Torya 
IOJHbIM OObEM rpsA3HOFO BOOCAa OIpeeuAeTCA 10 
(bopmysie (38). 

Yutem (39) u (40) B (38), momay4auM 
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then the hair will interact with a thin liquid layer 
with an effective thickness of Ady. We assume 
that all the solid impurities in the layer stick to 
the hair. Its mass in a thin layer is then 


Mp = Aap SoPo- (32) 


Here, the average area cut by a hair in the 
liquid cube, So is determined by the formula 


ey (33) 
TU 


The amount of settled impurities is equal to 





AV, =—", (34) 
Pr 
where pr — the density of impurities in the 


solid state, kg/m’. 
At the intersection of a hair of the n™ liquid 
cube the released mass will be equal to 


M =nmp. (35) 
And its volume 
V, = M a nAaySoPo . (36) 
Pr Pr 


Let’s express the volume of a clean hair 
using the geometric dimensions in the form of a 
cylinder volume 

2 
Vo= TO py, (37) 

where Bo is the diameter of a clean hair, m; 
bo — the length of a clean hair, m. 

Then the volume of a contaminated hair will 





be equal to 
2 
TB 
V, =— D,, 38 
where 
Bn =Bo +2AB,,, (39) 
b, = bo “-F AB,,. (40) 


Here ABo — the thickness of the layer of 
impurities, m. 

Let’s assume that the thickness of the layer 
of impurities on the hair is the same 
everywhere. Then the total volume of the dirty 
hair is determined by the formula (38). 

Let’s consider (39) and (40) into (38), and 
obtain 


9 _ — 
y OO 





7 (Bo +248, )° B+ AB.) =Vp. (41) 


BbinouHHMB MaTeMaTH4YeckKHe NpeoOpa30BaHHa U 


yUnTHIBAaK (36) u (37), TOyIMM 


7 (Bo +248, )° B+ AB) =Vp. (41) 


Having done the math and taken into account 
(36) and (37), we obtain 





b ns 
AB? + AB? (By +) + AB, Pog, +2by) = OP Aap. (43) 
2 4 2TP ry 
Bpojia HOBbIe OOO3HadeHHA B (43), NOyIMM Introducing the new notation in (43), we obtain 
G=na, (44) G =na. (44) 
rae where 
o, = 20P0 ay. (45) eee (45) 
2npr 2hPr 
Brrpa3umM n-4ucI0 KM KX KYOUKOB, Let’s express n-number of liquid cubes, 
TlepecekImMux jJaHHbI BOIOC, Yepes BpemaA crossing this hair, through the sticking time fg, 


3anMnaHua tsa, HU BPeMA TWepeceyeHuA OHOrO 
KyOMKa BOJIOCOM epia fixe. 


n= , (46) 
Lxy6 
rae 
hos = — (47) 
cp 
3HeChb Vep — CpeJIHAA CKOPOCTbh JIBHOKeHUA 


2KUNKOTO WOTOKAa, M/C: 


Vey = Nyy + oe (48) 


IIpeoOpa3yem BbIpaxeHue(46), yauTpiBaa (47) 
uw (48), Mouy4uuM 


f 
n= Iw +vi. (49) 
n 
V3 dopmys (49) u (44) umeem 
G a 
oe (50) 
oO | 2 2 
vi = Vy 
IIpupeqemM UHCIICHHEIM pacueT BpeMeHH 
NOJHOTO 3aJIMNaHWA =BOOC §86epiiieh)§=s pu 


CeyIOIMx WapaMeTpax MOTOKa UW epmlen: Adg = 
10° M, po = 10 kr/m’, pr = 10° xr/m’, ABnpex = 10° 
mM, ABo =2,5*10° M, bo = 8*10° mM, a = 1,3*10° 
m upu k; =0,5*10° mM’, Vi = Va = 6*10° m/c. 
Pe3yJIbTaTbI IpHBeeHbI Ha pucyHKe 4. 
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and the crossing time of one cube by a brush 


hair t iyo. 
t 
n=, (46) 
Lky6 
where 
a 
Dye ————. (47) 
Vien 


Here v,, is the average speed of liquid flow, 


m/s: 
Vep = hy + ae (48) 


If we convert the expression (46), taking into 
account (47) and (48), we get 


t 
n= 2h Ny tvt. (49) 
n 


From formulas (49) and (44) we have 


t _G, a (50) 


3a oO pete 

Let’s perform a numerical calculation of the 
time of full sticking of brushes hair with the 
following flow and brushes parameters: 4ag = 
10° m, po = 10 kg/m’, pr = 10° kg/m’, ABrpex = 
10° m, ABp =2.5*10" m, bo = 8*10° m, a = 
1.3*10° m upu k; = 0.5*10°m’, Vi = Va = 
6*10° m/s. The results are shown in figure 4. 








La 
j= 
a 
= 
Lt 


20 2 30 AB... meat 


Puc. 4. 3aBucHMOCTb Cpoka CIy2KObI PUJIbTpa OT TOMMIMHBI COA IpuMecu 


Fig. 4. The dependence of filter lifetime on thickness of the impurity layer 


M13 rpaduka cyleytyeT, YTO HapacTaHue MpuMecu Ha 
BoIOcaxX epllla mpeycTaBeHo mnapadommueckon 
KPHBOM, MO KOTOPOH MOXHO pacc4HTaTb CpOK 
cryxKObl (dusbTpa. Ecam paccrosHue Mex Ty 
eplamMu cocTaBsIaeT MOpsyKa 0,03 M, TO Mporecc 
3apacTaHHa 3aMMeT OKOIIO 1,5 Mecatia. 

PalvOHaJIbHOoe pacnoloKeHHe paMoK Cc 
BOJIOCHHBIMH epllaMH B KaMepe JI OUMCTKH 
CTOUHBIX BOX. Korga IMJIOTHOCTb BOJIOC B 
yYCTpolcTBe OMHaKOBa 0 BCeMy OOBeMy, Ha 
epBble paMKH Cc epmlamMH oceaeT OoJbIIe 
IIpHMecH, 4eM Ha OcTasbHble. UTOOKI OOecMe4UTb 
paBHOMepHyto Harpy3ky 110 BCeMy OObeMy KaMepbl 
IIpeAMOIOXKXUM, 4TO MJIOTHOCTh BOJIOC 3aBHCHT OT 
JJIMHbBI KaHalla x. Ecnw Ha Kkoopaunate ¥ 
IIIOTHOCTb BOIOC paBHa r7(X), TO Ha BCeM y4acTKe 
nym or O yo x 4ucnHO BONOC OyeT paBHO 


uuTerpany OT r7(xX).Torga dopmysa (17), upumMer 


BU 
‘ (4) fn (ade 
FE=(1-By) “Vo, (51) 
Po 

rye Px __ cpenens oTHOCHTebHOrO 3a ps3HeHuA 

Po 
Ha koopluHate x; ri(x) — Oe3pa3MepHasa 


IIOTHOCTb BOJIOC BAOJIb KOOPAMHATHL X. 
BarjetuM B dopmyne (51) Benw4HHbI, He 
3aBUCAlMe OT X M OOO3HAYMM HX B BHT e 


(4) 
G=(1-E)) ", (52) 
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From this it follows that the buildup of 
impurities on brushes hair is presented as a 
parabolic curve, using which one can calculate a 
filter lifetime. If the distance between the 
brushes is about 0.03 m, then the buildup 
process will take about 1.5 months. 
Rational location of frames with hair brushes 
in chamber for wastewater treatment. When 
hair density in the device is the same throughout 
the volume, more impurities settle on the first 
frame. To ensure uniform loading throughout 
the volume of the chamber we assume that the 
density of hair depends on the length of the 
channel x. If on the x-coordinate the hair density 
equals r;(x)., then on the entire section of the 
path from 0 to x the number of hairs will equal 
the integral of r;(x).Then the formula (17), takes 
the form 

aes 


wea By) 8 GD 
0 


where ?* the degree of relative contamination 
Po 
on the x coordinate; rz(x) —dimensionless 
density of hair along the coordinate x. 
Let’s take in the formula (51) the values that 
do not depend on x and write them down in the 
form 


(4) 
G=4-m) ", (52) 


> @) 
OO 








Tora BbIpaxeHHe (51) mpuMerT BUT 


Xx 


| i (x)dx 
Px _ 70 5 
—=G , (53) 
Po 
Tak Kak paBHOMepHad Harpy3Ka MpeCTaBsIAeTCA 
JIMHCHHON 3aBUCHMOCTbW, TO 


Px —1_By, (54) 
Po 
Yuntpipas (54) B (53) 
eee 
1—Bx =G° : (55) 


IIponorapndmMupoBaB uu TposnddepeHiupoBas, 
TOJTY4HM 


—*_(-p)=InG* K(x). (56) 
1-—Bx 
Bsipa3uM 1 (Xx) 13 (56) 
B 
‘10.9 ¢—<.... ee 57 
(=~ T_BoinG — 
BpmosHeHbl (57) 4HCICHHbIe pacueTBl 


3aBHCHMOCTH YBeJIMYCHHA IWIOTHOCTH BOJIOC TO 
aumMHe. PaccMOTpHM OYMCTHOeE COOPy?KeHHe B BUTE 
KaHasla IIpAMOYTOJIBHOTO CeyeHuA WIMpUuHON B= 3 
M, BbICOoTOH H = 2 M Cc Ha4yasIbHOM TJIOTHOCTbIO 
lipuMecett Po =5 kr/M?, OTHOMICHHeM CKOpocTer 
IIpOAONbHOrO WH MOMepeyHOrO TeYeHHA %KUIKOCTH 


V/V /= 0,1. 
PucyHok 5  0Ka3bIBaeT, KaK j{OJDKHAa 
YBeIMYMBaTbCA IIJIOTHOCTb epmeni TIpu 


YBCJIMUCHMH JJIMHBI. 


then the expression (51) takes the form 


Xx 


0 [4 (x)dx 
i =G?° ; (53) 
0 
Since the uniform load is represented by a 
linear dependence, then 


Px —1_By, (54) 
Po 
Taking into consideration (54) in (53) 
(Pere 
1—Bx=G° ; (55) 


Having taken the logarithm and differentiated, 
we get 


1 
Let’s express rz(x) from (56) 
_ iB 
a="? mr 


We have performed (57) the numerical 
calculations of the dependence of hair density 
increase along the length. Let’s consider a 
treatment facility in the form of a rectangular 
channel of width B = 3 m, height H = 2 m with 
an initial impurity density of pg = 5 kg/m’, the 
ratio of the velocities of longitudinal and 
transverse flow V,/V/= 0,1. 

Figure 5 shows how the brushes density 
should increase with the increasing length. 





Puc. 5. 3aBMCHMOCTb yBesIMYeHUA TJIOTHOCTH BOJIOC TO JIMHe KaHasa: 
1—B=0,9; 2—B =0,7;3 —B =0,5 
Fig. 5. The dependence of hair density increase along the length of the channel: 
1—B=0.9; 2—f =0.7;3— BP =0.5 








_ oo oe ae i nTiy ww fa r wyitwTwyF#wQFaewE:r NT 
ow / / 


Nod 


Ui DIA / ) 


Safety of Technogenic and Natural Systems | 201 7 





Tak, Jit KaHalla, IpOT#2%KeHHOCTb KOTOPOrO B 
Ba pa3a IIpeBbIIaeT BbICOTY, IWIOTHOCTb epller 
OcTaeTca lpakTH4ecKH HeH3MeCHHOH 0 BCeMYy 
oObemy. B WHbIxX cilyyaix OHA CYIIIeCTBeHHO 
YBeCJIMYMBaeTCA B KOHILC OUMCTHOIO COOPyxKeHHA. 

IIpumep pacuera O4NCTHBIX KaMep C y4ueTOM 
BbIMeNPHBeJeHHbIX WpoweccoB. Jit pacuera 
apaMeTpOB O4HCTHbIX COOpyxKeHHH BO3bMeM 
X%KUJIKOCTbh C HavaJIbHOW KOHICHTpallwen TMpumMecu 
oo = 10 xr/M? u Hporlyctum ee 4epe3 O4YNCTHOe 
coopyxeHive WMHOK L =5 mM u BeicoTron H =2™M 
u OOBEMHBIM 
Q=172,8 m3/4. 

Take y4TeM, 4TO JWIMHa BOOCa epiia Db = 
8*10-4 M, WpowoubHat CKOpOCTb TeuyeHHA 
Vy = 8*10% M/c, a tlomepeyHaa V; = 8*10% M/c, 
TONMMHA 32PdeKTHBHOrO TOrpaHcIOd %#UAKOCTH, 


pacxOJIOM CTOUHBIX BO 


. 5 
lIpopearupoBaBllen C BOJIOCOM epia 4ag = 10° M, 
WuaMeTp BO3yYWIHOrO Hy3bIpxa o2 = 10° M, 


BOKpyr 
ny3biIps¢q Oz = 2,5*10°° M, MIOTHOCTb BO3YIIHbIX 


ToNMMHa o3deKTHBHOrO MNMorpaHciosd 


ny3biped Az= 10° m?, momaqb monepewHoro 
2 


ceyeHua IHpiaHybl c epmiamu S$ = 0,16 Mm’, 
IWIOTHOCTB HpuMecw B- TBepJOM cCOCTOAHHM 
or =10 xr/mM?. 

Havyem WWimMpvHy kaHana 6, UCHOub3yA 


(bopmysy (2) , W3 pacueTa, 4TO WIMHa peOpa 

%KUIKOrO KyOuKa OyeT paBHa a = 1,3*10-4 mM u 

obec 4YHCIO BOIOC BO BCeEM OObeEMe ONOPeKTOpa 
Noz — 107. 

(1.3*10-7)° *10/ 
| 2 emcee Al 
10 
TOrgqa NOJYIMM, ITO CpeTHAA WIOTHOCTb BOJIOC 


2.2 M, (58) 


k1 110 dopmysie (3) 


_10" 


re ~4.5*10° Mm. (59) 


Haiijjem yKJIOH Kameppbi h 10 dopmyse (31). Jui 
3TOTO HOACuNTaeM 4NcTO PewHombAca 


16*8*10~ 
Re = i =1275. (60) 
1.004 *10— 
V3 pucyuka B [10] cnenzyeT, 4TO WIA TaHHOrO 
yqucia PeiHombyca KOIPMUUMeHT COMpPOTHBIICHHA 
C,=1. 
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So, for the channel, which length is twice the 
height, the brushes density remained virtually 
unchanged throughout the volume. In other 
cases it 1s significantly increased at the end of 
the treatment facility. 

The example of calculation of treatment 
chambers based on the above mentioned 
processes. For calculation of treatment plants 
parameters let’s take a liquid with initial 
impurity concentration po = 10 ke/m° and pass 
it through the treatment plant of length L = 5 m 
and height H = 2 m and with the wastewater 
volume flow of Q = 172.8 m*/h. 

Also let’s take into account that the length of 
a brush hair b = 8*10° m, the longitudinal flow 
velocity Vy = 8*/0” m/s, and the transverse one 
Vi = 8*107 m/s, the thickness of the effective 
liquid boundary layer interacted with the brush 
hair Ado = 10° m, the diameter of an air bubble 
07 = 10° m, the thickness of the effective 
boundary layer around the bubble 6, = 2.5 *10° 
m, density of air bubbles k2= 10° m>, the cross- 
sectional area of the set of brushes S = 0.16 m’, 
the density of the impurity in the solid state 
pr = 10 kg/m’. 

Let’s find the width of channel B, using the 
formula (2), on the basis that the edge length of 
the cube of liquid is equal a = 1.3*10-7 m, and 
the total number of hairs in the whole volume of 
bioreactor No; = 10’. 

preme (C 
10 


then we get, that the average hair density k’ 
is according to the formula (3) 


10! 5 3 


~ 2.2 M, (58) 


Let’s find the chamber inclination h by the 
formula (31). To do this, we calculate the 
Reynolds number 


0.16*8*10~> 

ane 
1.004* 10 

From the figure in [10] it follows that for a 


~1275. (60) 


given Reynolds number the _ resistance 


coefficient C, = | 


a 
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errr ee) 
py = ote 3 9%19% ay 
2*9.8 
(61) 
IIpu aHHErx tapamMetpax compoTuBseHHue 


eplieH HMYTOKHO MasIO WM erO MOXKHO He 
YU4UTBIBATb. 


PaccuuTaeM BpeMaA 3aIMmaHHa epmleH fsa, MO 


(8*10°)° 
2*9.8 
Under these parameters, the resistance of 


h=1 ~3,2*10°° u (61) 


brushes is negligible and can be ignored. 
Let's find the brushes sticking time f,,, by 


the formula (50). We assume that the maximum 


possible thickness of the adhered impurities 


50). I 
Hep Me: HOU): Pea nO an “ae UPetenee ABnpex = 3*10° m and the diameter of a clean 


BO3MO2%KHa TOMMHa Hane WpuMecH ABnpex, = 4 
hair ABo = 2,5*10™ m. 


3*10-2 M, a QuametTp uuctoro Bomoca ABo = 
2,5*1074 M. 

G =0.03° +0.037 *0.04025 + 0.03*1.002*10 > = 6.35*10> Mm, (62) 

Lan 
_ Sateen 2.107 #10! w3, (63) 

2% 7 *107 

saa) Pepe) 

— 6.35*10° . —-1.3*10 v4.9*109 c. (64) 


t ei a 
“ 2.107*107'' Jo,0082 +0.00082 


Bpema 3a1MiaHHud Ip TaKUX YCUOBMAX OKOIO 
1,5 Mecata. 
paOoTe 
paccMOTpeHbI TyiaBHble (aKTOPbI, BIMAOUMe Ha 


BBIBOJIbI. B yCTaHOBJICHbBI HU 
TIpowecc OUMCTKH %XATKOW cCpebl BOJIOCAHbIMU 
epllaMu UW a9spalMen. BarancyeHbl WIA 3aqaHHOU 
CTeneHH OYMCTKH HeOOXOAMMBIM Yyroll HaksIOHa 
KaMepbl JIA MWpeowOueHuA TMAPOAMHAMMYeCKOrO 
CONpOTHBIICHHA UU BNeMA 3aIMNaHHA eplleHn. 
YuTeHbI BCe BbIMIeMepeduuCsIeHHble (aKTOpbl pu 
pacueTe  peasIbHbIx 


ycTpovctTs. i IlpuBeyeu 


4MCJICHHBIM + IpwMep pacueTa onpeyesIeHHoro 


O4MCTHOFO COOpy>xKeHHA. 
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The sticking time under such conditions 1s 
about 1.5 months. 

Conclusion. In the work the main factors 
stated and 
influence the purification process of liquid 


have been considered which 


medium by hair brushes and aeration. For a 
given degree of purification the desired angle of 


camera inclination to overcome the 


hydrodynamic resistance and brushes sticking 
time were calculated. All the above mentioned 
factors were taken into account in real devices 
calculation. Numerical example of calculation 
of a specific treatment plant is provided. 
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